
/AD-A129 052 A STATISTICAL SURVEY F VESSEL PERFORMANC E AND 3
CONFIGURATION CHARACTERIST.U) ARMY ENGINEON R NS FOR
WATER RESOURCES FORT NELAOIR VA 0 JOLSON ET AL FEB 83

N SS F ED WR RR 3 R F / 3 3 N LEhhLS Mo osso hG hEIo
EEmohEEEmhmhohE
mohhhmhhmhhEEE
smEEEEohohhhh
mEEEohEEmhEEEE
smmhhohhEEmhh
ElI--rn-ElIo



Ll 13 2 .

14.11 .0

i'1.25 I.A~L

MICROCOPY RESOLUTION TEST CHART
ISTOWNAL BUREAU OF STANDARDS 19A3A

44

A 7/



*m

of MnlWMM
Ei or

A Statistical Survey
Sof Vessel Performance

o and Configuration
C Characteristics on

Inland Waterways

i DTIC

I: A

FEBRUARY 1983 RESEARCH REPORT MR-, FBRURY 90388 06 08 0 06



UNC LASS IFIED
SECURITY CLASSIFICATION OF THIS PAGE (When, Date Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
_______________________________ BEFORE COMPLETING FORM

T EW NUMBER 2.GVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

Research Report 83-RI
4. TITLE (mid Subtitle) S. TYPE OF REPORT A PERIOD COVERED

7AUTHOR(a) S. -CONTRACT OR GRANT NUMNIER(s)

Brad Jolson and David F. Bastian

9PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK

Institute for Water Resources AREA & WORK UNIT NUMBERS

Water Resources Support Center
Fort Belvoir, Virginia 22060

II. CONTROLLING OFFICE NAME AND ADDRESS 12- REPORT DATE
Institute for Water Resources February 1983
Water Resources Support Center 13. NUMBER OF PAGES
Fort Belvoir, Virginia 22060 127

I& MONITORING AGENCY NAME & ADDRESSQif different from Cofltrollind Office) 1S. SECURITY CLASS. (of this report)

Unclassified

15e, OECL ASSI FlC ATION/ DOWN GRADING0
CEU LE

16. DISTRIBUTION STATEMENT (of thie Repo$)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (.1 me abstract mitered i &1ock 20, 114dill ewt hamn R- rt)

IS. SUPPLEMENTARY NOTES
The source survey for this report was conducted before the Performance
Monitoring System (PMS) was available system wide. More complete and recent
statistics can now be retrieved through PMS for tow speeds and sizes but not
for delays. Also FMS is only applicable to canalized waterways.

19. KEY WORDS (Ccitima. On r6~00e @ids It n6eeeew7 mid identifY 7 616b6k rnint)
Statistical Survey Transit Time
Vessel Performance Annual Velocity
Study Design.IptDt
Tow Speeds Nvgto mrvmn
Average Delays Barge Rates

This report provides information about tow characteristics for the
Mississippi River, its tributaries and the Gulf Intracoastal Waterway. It
will allow for consistent input data to be used in the evaluation of navi-
gation improvements. The performance and characteristics of tows on the
waterways are important determinants of barge rates and inputs into waterway
cost models.

DDO3 a"oo I ov so M is 09M bLETE UCASI E

SEfCUITY CLASSIFICATION OF TNIS PA09 (01110 DO& Dugee4



I 
A STATISTICAL SURVEY OF

VESSEL PERFORMANCE AND CONFIGURATION CHARACTERISTICS
ON INLAND WATERWAYS

by
Brad Jolson and David F. Bastian

T A

:ru ti,. mid

DistrlbultlmI

Avail~biltt *Od*S

INSTITUTE FOR WATER RESOURCES Dist $postll
WATER RESOURCES SUPPORT CENTER

February 1983 Research Report 83R-1

I4



Copies may be purchased from:

National Technical Information Service

U.S. Department of Commierce
SpigilVrii 25

Thisreprt s nt t beconsrue asnecssailyreprseningthevies o th

Feea oenetno fteUS ry op fEjnes



LIST OF TABLES

Table Pae

1.* Vessel by Stratification ... .. . .. .. .. . ... . ... ............. ........ 3

2. Average Annual Tow Speeds by Waterway, Type and Direction ....... 9

3. Average Seasonal Tow Speeds by Waterway, Type and Direction ..... 23

4. Standard Deviation of Tow Speeds ................... .0.......... 56

5. Median Tow Speeds by Waterway, Type and Direction ............ 57

6. Average Number of Barges per Tow ........................... of. 63

7. Average Number of Barges per Tow (by seasons of the year) ....... 67

8. Percent Backhaul Empty .... o....*... .... *....s 76

9. Percent BackhaulEmpty by Season ....................... . 80

10. Average Transit Time for Each Lock Traversed by Waterway ........ 89

11. Average Transit Time for Each Lock Traversed by Waterway

12. Average Delays by Waterway - All Movements .. o............... 91

13. Average Delays by Waterway for Within System Movements ....... 98

14. Average Delay by Waterway for Intersystem Movements ............. 103

15. Average Delay by Waterway and Season ................... . .110

LIST OF FIGURES

Fi.uTew Speeds Weighted Average Annual Velocity, Underway ........... 124

f ,2. Tow Speeds Weighted Average Annual Velocity, Downstream ....... 125

3. Tow Speeds Weighted Average Annual Velocity, Upstream ......... 126

4I. Tow Speeds Weighted Average Annual Velocity, With Delays ..... 127



TABLE OF CONTENTS

I. introduction I

Baokground
Purpose I

1' Data Collection Responsibility 1

I1. Study Design
Statistical Aproach
Data Sources
Sample Design
Errors

III. Study ResultS
Tow Speeds
Average Number of Barges per Tow
Percent Baokhaul Empty

-t Average Delays, by Type

IV. Conclusilons

V. Recommendations S

TABLES

I FIGURES

.4

,V t

• I' I ! ' '" " 'l "' !'1 '" : ; *



I.INTRODUCTION

Background

1. An important aspect of the benefit-cost analysis performed by the Corps of
Engineers in its evaluation of navigation improvements is the physical
performance of tows throughout the inland navigation system. The performance

FAi and characteristics of tows on the waterways are important determinants of
barge rates, and inputs into waterway cost models.

Purpose

2. The purpose of this report is to provide information about tow
characteristics for the Mississippi River, its tributaries and the Gulf
Intracoastal Waterway. This will allow for consistent input data for use in
the evaluation of navigation improvements utilizing system-analytic
techniques.

Data Collection Responsibility

3. The data collected in the survey was for calendar year 1978, and was
obtained by St. Louis District personnel between July 1979 and January 1980.

II. STUDY DESIGN

Statistical Approach

4. To determine operating characteristics of the towing industry such as
towboat and barge utilization and tow speeds a sampling procedure was
necessary. Established statistical techniques and methods were used to obtain
inputs and outputs. Specification error and other common statistical errors
were investigated to insure reliable output.

Data Sources

5. Alternatives. At the time of this study there were three potential
sources for input data:

o Performance Monitoring System (PMS)

o Carrier Survey

o Vessel Master Logs

6. PMS. The Performance Monitoring System (PMS) data contains vessel and
tow information as well as look processing times. The most recent PMB data
available (at the time of this study) was for the year 1976 which was the
second year of data gathering under PHS. However, the data collected by the
Corps at that time was incomplete. In addition to PHS not being system-wide
in 1976, three other characteristics prevented its application.

------



7. The problem of computing underway speed by subtracting out looking times
does not account for delays incurred other than at looks. Therefore, the
resultant underway speed would be incorret. Delays such as weather,
fleeting, repairs, supply or other delays as expressed in this report are not
identifiable when using PM.

S. The absence of looks on the lower Mississippi River preclude using PM to
determine speeds or vessel characteristics for that region. lt

9. Carrier Survey. Carrier surveys are a souroe of input but are subject to
bias and misinterpretation in responses from carriers surveyed. It may be in
the interest of those interviewed to overestimate delays and underway speed
and to under-estimate transit time.

10. The Vessel Los. The source of data chosen was the vessel mater lop
maintained by the vessel captains. Vessels are required to report their
position at least every six hours as well as to list the dock of origin and
destination, fleeting stops, lookings and all delays by time and type. Bare
numbers and tow configuration are also listed. The comprehensive nature of

'I information at the time of this study allowed for the most complete and
accurate reporting of the required information.

11. Accuracy of the Vessel Logs. The lop are kept by the firms which
operate the Vessels. Their accuracy is necessarily high because insurance
procedures require log audits in order to pay off claim.

Samle Design

12. Sample Source. There are approximately 3,250 vessels which operate along
the Mississippi River basin and its tributaries. Approximately one-half of
these do not make through movements on the inland river system, being either
harbor vessels, work vessels or passenger boats. The remainder of the
vessels, slightly more than 1,500, are those which make through movements and,
thus, comprise the universe for data collection. These vessels are described
in the Inland River Record (Waterways Journal) which lists vessels, their
characteristics, owners and operators.

13. Stratifying the Saule. The sample was stratified into ranges of
horsepower based upon the tonnage moved by towboats of a given horsepower
range. For exampie, if vessels In the 5000-6000 horsepower range oarry ten
percent of tonnage on the system dring a certain period, then ten percent of
the sample was composed of vesse. from that range. 1976 PHS data was used to
determine this stratification.

14. Sample Size. One hundred vessels were considered to be the minimm
ample size.

15. Vessel Selection. The second part of the sample selection involved the
choice of Vessels. As mentioned above, the source used for the vessels was
the Inland River Record. Vessels could have been chosen by owner, by name, or
by assigning a random number to each vessel. The choice of vessel by random
number avoided potential biases.

2



16. The Random Number Prc.. Each vessel was assigned a random number of
five digits. The random numbers were then listed in order of harsepower from
lowest to greatest. Vessels of equal horsepower could be distinguished only

Mby their random number.

17. This list was then broken up into nine horsepower groups, according to
the groups specified In the stratification data, and listed in Table 1. The
number of vessels desired from each group was determined, based upon the
stratification data. A vessel from each interval was selected by random
number. The remaining vessels were selected from each interval at equidistant
spacing. For example, suppose a given interval contained 25 vessels, and five
vessels were needed from this interval. Each of these vessels would be

* numbered from 1 to 25 and a random number generated would be generated from
this set of vessel numbers, say 17. The vessels selected from this interval
then, would be numbers 17, 22, 2, 7 and 12. These numbers were decoded to
determine the vessel name and owner.

TABLE I
VRSL STRATIFICATION

by
Horsepower and Number

Class Horsepower No. of Vessels

A 600-1600 24
B 1600-2200 19
C 2200-2800 17
D 2800-3800 34
a 300-4800 25
F 4800-5400 18
G 5400-6200 4
H 6200-7500 4
I 7500-9000 1
J 9000-10500 1

TOTAL 150

18. Non-ODratina Vessels. In a few instances, vessels did not operate
during part or parts of the sampled period (January, April, July and October
of 1978). When this occurred, no sample replacement was made.

19. Non-Relaoement. When a vessel did not operate due to drydooking
operations or was used as a harbor vessel, the timing of such operations was
important and relevant to the study. For instance, needed repairs may have

* been held off until January in anticipation of ice delays which might detain
the voyage anyway. Replaoement of these vessels infers that the timing of
these operations is arbitrary. Therefore replacement was not made.

20. The Fto~r Month Data Scheme. A four-month period of information was
obtained from each vessel log. A month was picked at random (so as not to

3
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hiam the SaMpI a) sad that and eaah stibepuet tb$W *NO ft, 40t, to
prov14. input data. J#auary, AW4i, Jaly antt oubsaer W* baesi.
reduced the data collection effort while allowing for am~aml "LJys"a

21. Us taUColleati P .M. All, datskfor, nytrip wioouned dutn
mny part of thesample period woo recorded.' for Instamw, if a trip bm in
Dombers but extended into January, it was recorded. trips. vbiob sltended
beyond the end of the sample month were treated similarly.

Errors

22. SMlin ad-ovoSawinvn Error. Generally, possible errors in estimates

are mow, likely, while non-sampling errors aemore readily controlled so that
the total error is approximated by the measure of sampling error.

23. Exclusion Errors. The principle possibilities for non-saplng errors
occur via exclusion of sampled items and in processing. Exclusion can occur
by inability to locate the vessel logs, or from respondent noncocperation.
There was o incidence of inability to locate the vessel loge, though there
were tvo whose owners refused to cooperate. In these instances as explained
previously, no replacement took place.

2* Processing Errors. Processing errors were primarily human errors in
'4coding, transcribing, and key punching data. Close double checking and

computer programs written for the purpose of checking errors reduced these
er-rors with no disoernable bias.

25. Samplina Errors. Sampling errors result from the fact that the
statistics presented in this report are estimated from a sample. The
particular ample that was selected is one of the large number of all posble
samples Of the same size that could have been selected using the sample
design. Estimates derived from the different samples would differ from each
other and from the results of a complete collection of the universe of data
using the same procedures.

III. sTUD MWLI3

Tow Speeds

26. Introduction. Tow speeds determined from the vessel lop, at. the 150
chosen towboats for the fonths January, April, June and October 19?8 are
presented in Tables 2 throvgh 4l. These tables show speeds (in miles per boar)
as a function of trip type, direction, season, waterway and horsepower.

41
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27. Data Accuracy. Tow speeds were derived directly from the vessel logs.
Interpolation was necessary for inter-system movements (trips traversing more
than one river) whenever the logs did not specify the time at which the tow
changed (entered or exited) rivers.

28. Definitions. Underway speed is, as the name implies, speed while moving.

Weighted average speed is the sum of the mileage in a given aggregation
divided by the amount of time taken to travel that mileage and places more
weight on longer trips than shorter trips. This figure is probably more
representative of the correct speeds because shorter trips tend to have.
extreme ranges in speed especially when they occur totally between constraints
(i.e., locks).

29. Table 2. Table 2 presents average tow speeds on a given waterway by
direction, with and without delays and as a function of inter or intra
movements with respect to the subject waterway. This table does not allow for
determination of tow size, configuration or draft. Nor does it provide
towboat horsepower or the tonnage moved. All of these would influence speed.
The variability of these parameters is greater in some rivers than others.
However, a proper sample would reflect these parameters in a representative
manner.

30. lnter and Intra-SYsM Movements. The differences between the
inter-ystem and intra-system figures imply various things about the usage of
those waterways. The faster speeds, larger tows and greater occurrence of
inter-systm movements on a certain waterway would imply its Wie Mostly as a
feeder waterway and that most trips begin or end before a major constraint
point. One example would be the termination of many trips entering the Upper
Mississippi River at mile 0 (Cairo, II) and ending at St. Louis, or beginning
southbound at St. Louis and avoiding Locks and Dam No. 26.

31. Figures 1 - 4. Figures I through 4 show the average annual weighted tow
velocities for each waterway by direction with and without delays. The
hig-7t downstream underway velocities are recorded in the lower Mississippi
and Missouri Rivers, respectively. Because these two rivers are open ckannel,
the current velocities are generally higher, which helps to account for the
higher tow speeds in the downstream direction and also helps to account for
the Missouri showing the lowest upstream underway velocity.

• i32. The large difference between upstream and downstream underway velocity
(Figure 1) on these two rivers when compared to the canalized rivers is also
reflective of their higher current velocities.

33. Figures 2 - 4 show the relative effect of delays on tow speeds. Delays
are of three major types: weather, traffic and carrier (i.e., frequency of

*loading).

34. Table 3. Table 3 subdivides the data presented in Table 2 into seasonal
values. The percentage usage is the ratio of miles traveled on that waterway
for that season (sampled month) to the total miles traveled on that waterway
for all seasons (sampled months).

-4 5
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35. As would be expected, ice and weather conditions lowered usage numbers on
several rivers during the winter. The Missouri is closed to winter navigation
explaining the absence of winter observations. In the case of the Black
Warrior - Tombigbee River System, low winter usage was the result of a coal
strike during the sample period.

36. Oen-Paee C-onditior.s7-TheItwer four locks (50, 51, 52 and 53) on the
Ohio River were not used except during the fall of 1978 because river stages
were sufficient to allow open pass operation. Tow speeds in the- fall show the
effects of having to lock through the additional four looks.

37. Standard Deviations. The statistics contained in Table 4 are the ample
standard deviations by waterway and direction for speeds with and without
delays.

38. Table 5. Table 5 lists median speeds for each river. Testing revealed
$ no significant skewness in the speed distributions.

Average Number of Barges Per Tow

39. Introduction. Tables 6 and 7 present a breakdown of tow sizes in terms
of the number of barges by waterway, direction, and season, for all barges,
loaded or empty, regardless of commodity types. In some cases the average
number of barges per tow presented is misleading. Based upon the vessel logs,
the average number of barges is largest on the Monongahela and fourth largest
on the lower Mississippi. Apparently the numbers presented for the
Monongahela represents trips below the lowest pool on the river. There is a
fleeting area just below the first lock at river mile 11.2. The number of
barges obviously represent those tows that were just Loming off or just going
onto the Ohio River. There are a large number of intersystem movements
between the mines and the power plants and these tows are much smaller. The
same probably applies to the Allegheny River tow sizes presented. The
relatively low average number of barges listed for the lower Mississippi
results from the fact that about 50% of the tows sampled were carrying
petroleum only. In general, liquid cargo (tank) barges are much larger than
dry cargo barges and therefore it takes far fewer barges to achieve the same
payload as tows containing dry cargo barges.

40. One cannot make a direct comparison of tow size between river systes
based on average number of barges because of the range in dimensions of
barges. This would also inhibit being able to correlate speeds as a function
of tow size. Despite the above problems, the average number of barges per tow
as presented represent the tows sampled from which tow speeds were derived.

Percent Backhaul Empty

41. Backhaul. One half of all the barges on a given trip are considered to
be on the front haul, that is, the trip to which this movement is dedicated.
The rest are, therefore, defined as returning or on the backhaul. Based upon

6
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this, the percentage of empty backhaul barges was calculated considering only
50% of the number of barges per tow as the base number. All empty barges up
to 50% of the total number of barges in the tow are assigned to the backhaul
category and are ratioed to the number of barges defined numerically as
backhaul. Due to the definition whenever there is a calculated 100% empty
backhaul, one cannot determine whether or not the front hauls are all loaded.

42. Example. For example, if an aggregation has 10 barges, 8 of which are
full then five of the loaded barges are on the front haul. The remaining
three loaded barges are on the backhaul. This means that 60 percent of the
backhaul is full, and the backhaul figure (percentage empty) reported would
thus be 40%. See Tables 8 and 9.

Waterway Look Transiting Times

43. Tables 10 and 11 present the annual and seasonal average look transiting
times for a given waterway. These times are composed of the waiting and
processing times that tows incur at each look. To determine these values all
of the processing and waiting times for all looks traversed on a given
waterway were summed. This value was then divided by the product of the look
density (locks per mile) and summation of miles traversed. Therefore these
numbers apply to each waterway as a whole and are not Indicative of the actual
times at individual locks.

Average Delays, by Tye

44. Introduction. Tables 12-15 report on delays by waterway and type. The

probability of occurrence is the chance of the vessel stopping for that reason
on a given trip. The mean delay is the average delay when that type of delay
occurs. The mean delay per trip is then the product of these numbers.

45. Classifications.

4The delays are classified as follows:

Weather - all weather related stops, except fog and ice
fog- self explanatory
Looking - includes awaiting lockages
Repairs - self explanatOry
Ice - self explanatory
Crew Change - awaiting new crew (while stopped)
Supplies - includes fueling stops, but not fueling while underway
Awaiting Orders - stops to await order change (during a voyage)

Vessel Assistng -assisting other vessels
waiti Berth - at fleet point with no dock space

Bridge Wait - self explanatory
Fleetig - dropping and addIng barges to tow and associated shifts.

46. Method. Each reported delay is the sum of that type of delay per voyage.
Mean Delays are expressed in hours.

47. Insufficient Data. In Tables 14 and 15, no statistics are reported for
the Allegheny, Arkansas, Port Allen to Morgan City Route and Monongahela
Rivers due to insufficient data.

7
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IV. CONCLWIOI

48. The tow speeds, average number of barges, look transit times and delay
types and times presented show the operational characteristion of the various
waterways.

49. Based upon data presented the reader cannot correlate tow speeds with
water currents, horsepower, or number, load, configuration and draft of
barges.

50. The average number of barges for the Monongahela and Allegheny Rivers
seem high and may reflect an insufficient sample size.

51. The average number of barges per tow per waterway does not allow for
calonlating tow dimensions or arrangement.

V. RCCOHMNDATIONS

52. Now that PHS is well established it could be used to verify speeds
presented (except for the Lower Mississippi and Missouri River) as well as
allow for a more comprehensive analysis.

53. This study should be extended to include tow speeds as a funotion of
load. This can be done through PHS.

54. The average tow size should be evaluated on a pool basis and should
include average load, number of barges, dimension of tow and associated
horsepower.

-- ,
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TABLE 2

AVERAGE ANNUAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Allegheny River

Downriver Average, Underway 7.58 SAMPLE SIZE TOO SMALL
Average, with Delays 4.69
Weighted Average, Underway 7.82
Weighted Average, with Delays 4.49

Upriver Average, Underway 5.66 SAMPLE SIZE TOO SMALL
Average, with Delays 3.67
weighted Average, Underway 5.31
Weighted Average, with Delays 3.40

Total Average, Underway 6.62 SAMPLE SIZE TOO SMALL
Average, with Delays 4.18
Weighted Average, Underway 6.29
Weighted Average, with Delays 3.86

4

Sample Size - 15 trips

9
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.4 TABLE 2 (continued)

AVERAGE ANNUAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION
(Miles ver Pour)

INTRA INTER

TOTAL SYSTEM SYSTEM

Arkansas River

Downriver Average, Underway 6. 7C4 SAMPLE SIZE TOO SMALL
Average, with Delays 43
Weighted Average, Underway 6.12
Weighted Average, with Delays 4.21

Upriver Average, Underway 7.04 SAMPLE SIZE TOO SMALL
Average, with Delays 4.79
Weighted Average, Underway 6.09
Weighted Average, with Delays 4.89

Total Average, Underway 6.35 SAMPLE SIZE TO SML
Average, with Delays 4.62
Weighted Average, Underway 5.99IWeighted Average, with Delays 4.65

Sample Size m18 trips

10



TABLE 2 (conitinued)

AVERAGE ANNUAL TOW SPEEPS BY WATERWAY, TYPE AND DIRECTION
(Miles per- Hour)

INTRA INTER

TOTAL SYSTEM SYSTEM

Black Warrior-Tmbigbee River System

Downriver Average, Underway 6.70 6.76 5.01
Average, with Delays 5.54 5.75 4.10

Weighted Average, Underway 6.59 6.62 4.99

Weighted Average, with Delays 5.35 5.59 4.08

Upriver Average, Underway 5.32 5.13 5.61
Average, with Delays 4.38 4.39 4:34

Weighted Average, Underway 5.24 5.06 5.56

Weighted-Averajo, with Delays 4.31 4.31 4.31

Total Average, Underway 5.96 5.89 5.34

Average, with Delays 4.92 5.02 4.23
Weighted Average, Underway 5.4 5.63 5.25

Weighted Average, with Delays 4.70 4.78 4.21

Sample Size* 69 trips



TABLE 2 (continued)

AVERAGE ANNUAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(VIles per 17our)

INTRA INTER
TOTAL SYSTEM SYSTEM

Cumberland River

Downriver Average, Underway 8.33. 8.22 8.36
Average, with Delays 6.58 6.95 6.47
Weighted Average, Underway 8.01 7.28 9.31
Weighted Average, with Delays 5.81 5.43 6.49

Upriver Average, Underway 5.76 4.72 5.95

Average, with Delays 4.67 4.39 4.72

Weighted Average, Underway 4.29 4.76 4.25
Weighted Average, with Delays 3.61 4.43 3.55

Total Average, Underway 6.94 6.72 6.99
Average, with Delays 555 585 5.48

Weighted Average, Underway 5.57 6.23 4.58
Weighted Average, with Delays 4.45 5.07 5.81

Sample Size - 37 trips

12
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TABLE 2 (continued)

AVERAGE ANNUAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION
(Hilen per Hour)

INTRIL INTER
TOTAL SYSTEM SYSTEM

Gulf Intracoastal Waterway

Eastern Portion
(New Orleans to Average, Underway 6.45 5.91 7.17

*Pensacola) Average, with Delays 5.01 5.01 5.01
Weighted Average, Underway 6.04 5.67 6.90
Weighted Average, v/Delays 4.32 4.33 4.30

Sample Size -63

Western Portion
(Houston to Average, Underway 7.02 6.27 7.74
Nowv Orleans) Average, with Delays 5.51 5.02 5.76

Weighted Average, Underway 6.83 5.74 6.93
Weighted Average, v/Delays 5.26 4.54 5.23

Sample Size -72 trips

A 13



1$ TABLE 2 %cotinued)

:1 ~ AAGE ANNUAL TOW SPEEDS BY WATERWAY * TYPE AND DIRCTION

ILLIN4OIS RIVE

Downriver Average, underway 5.45. 4.88 6.29
Average, with Delays 3.28 2.72 4.02

$Weighted Average, Underway 4.94 4.16 5.69

Weighted Average, with Delays 2.74 2.34 3.16

Upriver Average, Underway '4.17 4.52 5.35
Average, with Delays 2.94 2.34 3.87

Weighted Average, Underway 4.03 3.52 5.22

Weighted Average, with Delays 2.51 2.06 3.41

Total Average, Underway 5.06 4.69 5.75

Average, with Delays 3.10 2.51 3.93

-. Weighted Average, Underway 4.42 3.76 5.39
Weighted Average, with Delays 2.63. 2.17 3.31

Saimple Size -184 trips

14
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TABLE 2 (continued)

AVERAGE XNNUAL TOW SPEEDS BY WATF.RWAY. TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

, Illinois Waterway System North of Lockport, IL
(including Calumet-Saginaw, Chicago Sanitary and Ship Canal and Chicago River)

Downriver Average, Underway 5.76 SAMPLE SIZE TOO SMALL
Average, with Delays 2.45
Weighted Average, Underway 5.15
Weighted Average, with Delays 2.39

Upriver Average, Underway 4.17 SAMPLE SIZE TOO SMALL
Average, with Delays 2.07
weighted .Average, Underway 3.67
weighted Average, with Delays 2.16

Total Average, Underway 4.94 SAMPLE SIZE TOO SMALL
Average, with Delays 2.25
Weighted Average, Underway 4.26
Weighted Average, with Delays 2.27I

4

* SAMPLE SIZE - 89 trips

15
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TABLE 2 (continued)

AVERAGE ANftAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per lour)

INTPA INTER
TOTAL SYSTEM SYSTEM

Lower Mississippi River

DoWIuriver Average, Underway 
11.68 11.91 10.53

Average, with Delays 10.16 10.56 9.17

Weighted Average, Underway 11.64 11.37 9.57

Weighted Average, with Delays 9.59 9.37 8.34

Upriver Average, Underway 
5.61 5.53 5.81

Average, with Delays 
5.08 5.09 5.08

weighted Average, Underway 5.39 5.30 5.47

weighted Average, with Delays 4.77 4.76 4.78

Total Average, Underway 
8.63 8.54 7.95

Average, with Delays 7.62 7.76 7.43

weighted Average, Underway 7.39 7.07 9.63

weighted Average, with Delays 6.38 6.19 6.64

Sample Size - 369 trips

16

V.. . ........... . . .......

S -' -



.1 TABLE 2 (continued)

AVERAGE ANNUAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Missouri River

Downriver Average, Underway 9.27. SAMPLE SIZE TOO SMALL
Average, with Delays 6.73

Weighted Average, Underway 9.34
Weighted Average, with Delays 6.09

Upriver Average, Underway 4.00 SAMPLE SIZE TOO SMALL

Average, with Delays 3.57
Weighted Average, Underway 3.98
Weighted Average, with Delays 3.53

Total Average, Underway 6.55 SAMPLE SIZE TOO SMALL
Average, with Delays 5.10
Weighted Average, Underway 5.42
Weighted Average, with Delays 4.38

Sample Size = 31 trips

S * 17
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TABLE 2 (continued)

AVERAGE ANNUAL TOW SPEEDS BY WATERWAY, TYPE AND .DIRECTION

(Miles per Hour)

INTRA INTER

TOTAL SYSTEM SYSTEM

Monongahela River

Downriver Average, Underway 8.29 SAMPLE SIZE TOO SMALL
Average, with Delays 5.30

-t Weighted Average, Underway 8.07
Weighted Average, with Delays 5.23

Upriver Average, Underway 6.15 SAMPLE SIZE TOO SMALL
Average, with Delays 4.25
Weighted Average, Underway 5.74
Weighted Average, with Delays 4.10

Total Average, Underway 7.27 SAMPLE SIZE TOO SMALL
Average, with Delays 4.80
Weighted Average, Underway 6.88
Weighted Average, with Delays 4.68

Sa3e Size = 47 trips

18

I ---------___"___



ii TABLE 2 (continued)

AVERAGE ANNUAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(iles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Morgan City to Port Allen Route

Downriver Average, Underway 6.68. SAMPLE SIZE TOO SMALL
Average, with Delays 4.72
Weighted Average, Underway 5.88
Weighted Average, with Delays 4.13

upriver Average, Underway 5.45 SAMPLE SIZE TOO SMALL

Average, with Delays 4.64
Weighted Average, Underway 5.45
Weighted Average, with Delays 4.64

Total Average, Underway 6.61 SAMPLE SIZE TOO SMALL

Average, with Delays 4.72
Weighted Average, Underway 5.85
Weighted Average, with Delays 4.16

* Sample Size -18 tr~ips

19
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TABLE 2 (continued)

AVERAGE ANNUAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER

TOTAL SYSTEM SYSTEM-

Ohio River

oownriver Average, underway 9.02. 8.26 9.51

Average, with Delays 6.04 5.56 6.98

Weighted Average, Underway 8.78 7.51 9.78

weighted Average, with Delays 4.91 4.67 5.40

Uprivor Average, Underway 6.48 6.25 6.64

Average, with Delays 4.39 4.22 4.87

Weighted Average, Underway 6.14 5.59 6.84

Weighted Average, with Delays 3.87 3.71 4.40

Total Average, Underway 7.76 7.19 8.28

Average, with Delays 5.22 4.84 6.07

weighted Average, Underway 7.27 6.35 8.30

'4Weighted Average, with Delays 4.34 4.10 4.93

Sample Size -401 trips
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TABLE 2 (continued)

AVERAGE ANNUAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per HourY

INTRA INTER
TOTAL SYSTEM SYSTEM

Tennessee River

Downriver Average, Underway 8.8& 6.40 9.07

Average, with Delays 5.36 4.42 5.44
Weighted Average, Underway 7.99 6.40 8.29
Weighted Average, with Delays 5.17 4.39 5.32

Upriver Average, Underway 6.19 7.43 5.91
Average, with Delays 3.74 4.83 3.49
Weighted Average, Underway 6.53 7.46 6.17

Weighted Average, with Delays 4.11 4.79 3.85

Total Average, Underway 7.60 7.08 7.68
Average, with Delays 4.60 4.70 4.58
Weighted Average, Underway 7.27 7.05 7.31
Weighted Average, with Delays 4.64 4.64 4.64

Sample Size - 68 trips

21
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TABLE 2 (continued)

AVERAGE ANNUAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SY STEM

Upper Mississippi River

Downriver Average, Underway 8.49. 7.34 9.06
Average, with Delays 4.16 3.57 4.61

Weighted Average, Underway 7.51 6.66 8.51
Weighted Average, with Delays 3.15 3.31 2.74

Upriver Average, Underway 6.04 6.19 5.82
Average, with Delays 3.22 3.84 2.66
Weighted Average, Underway 5.49 5.38 4.93
Weighted Average, with Delays 2.90 3.23 2.18

Total Average, Underway 7.24 6.82 7.45
Average, with Delays 3.68 3.70 3.64
Weighted Average, Underway 6.33 6.04 6.44

Weighted Average, with Delays 3.01 3.27 2.46

Sample Size = 414 trips

( 22
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TABLE 3

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INJTER
TOTAL SYSTEM SYSTEM

Black Warrior-Tombigbee River System
Fall (Usage 16%)

Downriver Average, Underway 5.05 4.93
Average, with Delays 3.72 3.71
Weighted Average, Underway 5.12 5.00
Weighted Average, with Delays 3.64 3.60

Upriver Average, Underway 5.76 5.60
Average, with Deiays 4.06 4.12

Weighted Average, Underway 5.67 5.55

Weighted Average, with Delays 3.96 4.00

Total Average, Underway 5.43 5.30

Average, with Delays 3.9Q 3.93

Weighted Average, Underway 5.46 S.36

Weighted Average, with Delays 3.84 3.80

23
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA I'rrER
TOTAL SYSTEM SYSTEM

Black Warrior-Tombigbee River System
Spring (Usage 37%)

Downriver Average, Underway 7.52 7.79
Average, with Delays 6.34 6.54
Weighted Average, Underway 7.32 7.66
Weighted Average, with Delays 6.19 6.53

Upriver Average, Underway 5.02 4.96
Average, with Delays 4.27 4.24
Weighted Average, Underway 4.94 4.89Weighted Average, with Delays 4.21 4.18

Total Average, Underway 6.17 6.25
Average, with Delays 5.22 5.28
Weighted Average, Underway 5.76 5.81

Weighted Average, with Delays 4.90 4.93

24
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERVAY, TYPE AND DIRECTION

(Mtiles per Hour)

INTRA INTER
TOTAL SYSTV4 SYSTEM

BLACK WARPIOR-TOMBIGBEE RIVER SYSTEM
Siumer (Usage 43%)

Downriver Average, Underway 6.67 6.98
Average, with Delays 5.61 5.86
Weighted Average, Underway 6.55 6.96
%leighted Average, with Delays 5.46 5.76

Upriver Average, Underway 5.39 5.43
Average, with D.e.ays 4.63 4.67
Weighted Average, Underway 5.34 5.38
Weighted Average, with Delays 4.59 4.62

Total Average, Underway 6.17 6.17

Average, with Delays 5.22 5.24
Weighted Average, Underway 5.81 5.99
Weighted Average, with Delays 4.94 5.07

25



TABLE 3 (continued)

AVERAGE SEASONAL TIW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA I11TER

TOTAL SYSTEM SYSTEM

Black Warrior-Tombigbee River System
Winter (Usage 4%)

Downriver Average, Underway 8.20
Average, with Delays 6.67
Weighted Average, Underway 8.20
Weighted Average, with Delays 6.67

Upriver Average, Underway 5.03 r
N N

Average, with Delays 4.18
Weighted Average, Underway 

5.03

Weighted Average, with Delays 4.18

4

Total Average, Underway 6.61
Average, with Delays 5.42
Weighted Average, Underway 6.23
Weighted Average, with Delays 5.14

(
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, 
TYPE AI1D DIRECTION

(Miles ver Hour)

INTRA INTER

Cubelad ivrTOTAL 
SYSTEM SYSTEM

Downriver Average, Underway 9.66

Average, with Delays 
5.82

weighted Average, Underway 9.58

weighted Average, with Delays 5.69

Upriver Average, Underway 
5.86

Average, with Delays 
5.86

Weighted Average, Underway 
5.86 LWC

Weighted Average, with Delays 
5.86 IW

Total Average, Underway 
7.76

-4Average. with Delays 5.844.Weighted Average, Underway 8.20
Weighted Average, with Delays 

5.73
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Cumber land River
Spring

Downriver Average, Underway 8.51
Average, with Delays 6.84
Weighted Average, Underway 8.04
Weighted Average, with Delays 6.06

Upriver Average, Underway 5.45
Average, with Delays 4.82
Weighted Average, Underway 3.61
Weighted Average, with Delays 3.30 (

Total Average, Underway 6.76
Average, with Delays 5.68
Weighted Average, Underway 4.65
Weighted Average, with Delays 4.05

28
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE tND DIRECTION

(M4iles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Cumber land River
Sumer

Downriver Average, Underway 7.89
Average, with Delays 6.46
V.eighted Average, Underway 7.48
Weighted Average, with Delays 5.60

Upriver Average, Underway 6.51
Average, with Waays 4.19H
Weighted Average, Underway 5.41ton

Weighted Average, with Delays 3.70

Total Average, Underway 7.25
Average, with Delays 5.40
Weighted Average, Underway 6.39
Weighted Average, with Delays 4.56
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TABLE 3 (continued)

AVERAGE SEASONAL T W SEEDS 1Y WAT!U5.TAY, TYPE AND DIRECrTION

(Miles ner Hour)

INTRA INTER

TOTAL SYSTEM SYSTEM

Cumberland River
Winter

Downriver Average, Underway 8.05
Average, with Delays 7.57
Weighted Average, Underway 8.05
Weighted Average, with Delays 7.57 4

Upriver Average, Underway 4.81
Average, with Delays 4.61
Weighted Average, Underway 4.70
Weighted Average, with Delays 4.43

Total Average, Underway 5.62
Average, with Delays 5.35
Weighted Average, Underway 5.23
Weighted Average, with Delays 4.93

30
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TABLE 3 (continued)

AVERAGE SEASONAL TWO SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Gulf Intracoastal Waterway - Eastern Portion

Fall (Usage 36%)

Total Average, Underway 6.85. 6.44 7.31

Average, with Delays 5.61 6.14 5.02

Weighted Average, Underway 6.33 6.15 6.68

Weighted Average, with Delays 5.35 5.73 4.76

Spring (Usage 17%)

Total Average, Underway 6.74 6.20 7.59

Average, with Delays 4.95 5.40 4.42

Weighted Average, .Underway 6.29 5.69 8.72

Weighted Average,-;With Delays 3.96 3.96 3.97

Sumer (Usage 15%)

Total Average, Underway 6.83 6.74 6.87

Average, with Delays 5.56 6.10 5.34

Weighted Average, Underway 6.07 5.59 6.30

Weighted Average, with Delays 4.36 4.56 4.27
.A

Winter (Usage 32%)

Total Average, Underway 5.18
Average, with Delays 3.67

Weighted Average, Underway 5.35 La

Weighted Average, with Delays 3.48

U) C
4 4
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BT WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Gulf Intracoastal Waterway - Western Portion

Yal (Usage 24%)

Total Average, Underway 8.39 7.66 7.67

Average, with Delays 6.69 6.10 6.25

weighted Average, Underway 7.35 6.78 7.03

Weighted Average, with Delays 6.24 5.62 5.95

spring (Usage 38%)

Total Average, Underway 7.58 6.82 8.13

Average, with Delays 5.75 5.09 6.00

Weighted Average, Underway 7.15 6.27 6.86

Weighted Average, with Delays 5.16 4.61 5.01

Summr (Usage 14%)

Total Average, Underway 6.52 6.39 6.65

Average, with Delays 5.82 5.47 5.70

Weighted Average, Underway 5.95 6.41 5.73

Weighted Average, with Delays 5.05 4.91 4.86

Winter (Usage 24%)

. Total Average, Underway 5.92 4.89 8.16

Average, with Delays 4.43 4.00 5.19

Weighted Average, Underway 6.23 4.46 7.99

Weighted Average, with Delays 4.57 3.59 5.15
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TABLE 3 (continued)

AVERAGE SEASONAL TW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

IN4TRA INJTER

TOTAL SYSTEM SYSTEM

Illinois River
Fall (Usage 41%)

Downriver Average, Underway 5.59 5.40 6.41
Average, with Delays 3.45 3.09 4.18

Weighted Average, Underway 5.71 5.47. 6.24
Weighted Average, with Delays 3.48 3.10 4.08

Upriver Average, Undersay 5.09 4.87 5.71
Average, with-elays 3.01 2.39 4.00
Weighted Average, Underway 4.57 4.32 5.57
Weighted Average, with Delays 2.70 2.32 3.50

Total Average, Underway 5.31 5.10 5.98
Average, with Delays 3.20 2.69 4.07
weighted Average, Underway 5.04 4.73 5.80

Weighted Average, with Delays 3.02 2.59 3.70

3
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*1
TABLE 3 (continued)

AVERAGE SEASONAL TOW qPr-PnS AY VA77RWAY, TYPE AND DIRECTION
(Miles per Hour)

INTRA I:JTER
TOTAL SYSTEM SYSTEM

ILLINOIS RIVER
Spring (usage 20%)

Downriver Average, Underway 5.78 4.71 6.97
Average, with Delays 3.51 2.32 4.55
Wc.ighted Average, Underway 5.37 4.48 6.86
Weighted Average, with Delays 3.35 2.34 4.47

Upriver Average, Underway 4.24 4.29 4.20
Average, with Delays 2.80 2.30 3.24
Weighted Average, Underway 4.30 4.18 4.41
weighted Average, with Delays 2.76 2.29 3.17

Total Average, Underway 5.03 4.29 5.68
Average, with Delays 3.16 2.30 3.91
Weighted Average, Underway 4.76 4.18 5.27
Weighted Average, with Delays 3.02 2.29 3.66

34
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA I:TER

TOTAL SYSTEM SYSTEM

Illinois River
Sum er (Usage 23%)

Downriver Average, Underway 6.18 5.79 7.01

Average, with Delays 3.88 3.07 5.59

Weighted Average, Underway 5.81 5.36 6.61

Weighted Average, with Delays 3.14 2.61 4.45

Upriver Average, Underway 5.09 4.51 5.84

Average, with lays 3.37 2.36 4.52

t:Weighted Average,, Underway 3.85 2.61 5.35

Weighted Average, with Delays 2.55 1.66 3.68

Total Average, Underway 5.64 5.22 6.29

Average, with Delays 3.62 2.76 4.94

Weighted Average, Underway 4.60 3.79 3.72

Weighted Average, with Delays 2.80 2.13 3.91

3
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATEPWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER

TOTAL SYSTEM SYSTEM

Illinois River
Winter (Usage 16%)

Downriver Average, Underway 4.09 2.37 5.09
Average, with Delays 2.14 1.66 2.43

Weighted Average, Underway 3.51 1.92 4.31

Weighted Average, with Delays 1.70 1.10 1.94

Upriver Average, Underway 4.29 4.81 4.57
Average, with Delays 2.58 2.29 3.33

Weighted Average, Underway 3.45 3.33 4.39

Weighted Average, with Delays 2.12 1.73 2.95

Total Average, Underway 4.21 3.91 4.78

Average, with Delays 2.39 2.05 2.96
Weighted Average, Underway 3.48 2.74 4.36

weighted Average, with Delays 1.91 1.48 2.45

-i
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TABLE 3 (continued)

AVERAGE SZASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION
(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Lower Mississippi River
Fall (Usage 27%)

Downriver Average, Underway 10.80 10.69 10.74
Average, with Delays 9.70 9.59 9.49
Weighted Average, Underway 10.81 10.43 11.07
Weighted Average, with Delays 9.40 9.04 9.59

Upriver Average, Underway 5.71 5.29 6.05
Average, with De-leys 5.12 4.67 5.48
Weighted Average, Underway 5.66 5.31 5.94
Weighted Average, with Delays 4.84 4.53 5.09

Total Average, Underway 8.23 7.57 8.76
Average, with Delays 7.39 6.75 7.91
Weighted Average, Underway 7.59 6.76 8.26
Weighted Average, with Delays 6.54 5.80 7.14
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION
(miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Lover Mississippi River
Spring (Usage 30%)

Downriver Average, Underway 12.62 13.17 11.01
Average, with Delays 10.49 11.40 8.54
Weighted Average, Underway 12.25 11.74 12.35
14Jeighted Average, with Delays 9.85 9.48 9.84

Upriver Average, Underway 5.92 5.93 5.91
Average, with Delays 5.27 5.39 5.13
weighted Average, Underway 5.27 5.25 5.31
weighted Average, with Delays 4.74 4.78 4.74

Total Average, Underway 9.27 9.61 8.62
Average, with Delays 7.88 8.45 6.94

Weighted Average, Underway .7.39 7.22 7.55
Weighted Average, with Delays 6.41 6.29 6.48
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION
(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Lower Mississippi River
Summer (Usage 23%)

Downriver Average, Underway 11.37 12.12 10.26
Average, with Delays 10.53 11.17 9.42
Weighted Average, Underway 11.65 12.21 11.06
Weighted Average, with Delays 10.57 11.03 10.02

Upriver Average, Underway 5.43 5.68 5.30
Average, with Delays 5.07 5.40 4.84
Weighted Average, Underway 5.49 5.63 5.38
Weighted Average, with Delays 5.00 5.24 4.82

Total Average, Underway 8.55 8.96 8.10
Average, with Delays 7.94 8.34 7.42
Weighted Average, Underway 7.35 7.61 7.14
Weighted Average, with Delays 6.69 7.02 6.42
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TABLE 3 (continued)

AVERAGE SPASONAL TOW SPEEDS BY WATEPWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Lower Mississippi River
Winter (Usage 21%)

Downriver Average, Underway 12.03 12.11 11.97
Average, with Delays 9.74 9.34 10.06
Weighted Average, Underway 12.19 12.22 12.17
Weighted Average, with Delays 8.52 8.19 8.79

Upriver Average, Underway 5.28 5.41 5.13
Average, with Delays 4.79 4.95 4.61
Weighted Average, Underway 5.14 5.33 4.88
Weighted Average, with Delays 4.45 4.67 4.17

Total Average, Underway 8.40 8.37 7.83
Average, with Delays 7.08 6.89 6.98
weighted Average, Underway 7.17 7.24 7.11
Weighted Average, with Delays 5.81 5.84 5.75
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TABLE 3 (continued)

AVERAGE SEASONAL TWO SPEEDS BY WATERWAY, TYPE AND DIRECTION
(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Missouri River
Fall (Usage 41%)

Downriver Average, Underway 8.82
Average, with Delays 5.42
Weighted Average, Underway 8.94
Weighted Average, with Delays 5.54

Upriver Average, Underway 4.34
Average, with Delays 3.91
Weighted Average, Underway 4.12
Weighted Average, with Delays 3.69

JW
Total Average, Underway 6.58

Average, with Delays 4.66
Weighted Average, Underway 5.57
Weighted Average, with Delays 4.39

41

If
,..-



II
TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AF-D DIRECTION
(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Missouri River
Spring (Usage 25%)

Downriver Average, Underway 10.01
Average, with Delays 7.33
Weighted Average, Underway 10.64
Weighted Average, with Delays 5.83

Upriver Average, Underway 3.90
Average, with Delays 3.63 N

Weighted Average, Underway 3.8e8aU
Weighted Average, with Delays 3.55 N

Total Average, Underway 6.93
Average, with Delays 5.48
Weighted Average, Underway 5.13
Weighted Average, with Delays 4.18
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA I!NITER

TOTAL SYSTEM SYSTEM

Missouri River
Sumer (Usage 35%)

Downriver Average, Underway 9.60
Average, with Delays 7.40
Weighted Average, Underway 9.55
Weighted Average, with Delays 7.07

Upriver Average, Underway 3.88
Average, with Delays 3.30
Weighted Average, Underway 3.99 N

Weighted Average, with Delays 3.34 E

Total Average, Underway 6.93
Average, with Delays 5.48
Weighted Average, Underway 5.61
Weighted Average, with Delays 4.52

Winter (There were no winter observations on the Missouri River)
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Ohio River
Fall (Usage 25%)

Downriver Average, Underway 7.96 7.35 8.51
Average, with Delays 3.78 3.79 3.77
w'eighted Average, Underway 7.25 7.01 7.59
Weighted Average, with Delays 3.23 3.42 3.02

Upriver Average, Underway 6.71 6.78 6.52
Average, with Delays 3.25 3.28 3.17
Ueighted Average, Underway 6.30 6.15 6.85
Weighted Average, with Delays 2.89 2.89 2.88

Total Average, Underway 7.32 6.99 7.84
Average, with Delays 3.51 3.47 3.57
Weighted Average, Underway 6.76 6.50 7.33
Weighted Average, with Delays 3.06 3.10 2.97
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND) DIRECTION
(miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Ohio River
Spring (Usage 34%)

Downriver Average, Underway 9.63 9.23 10.92
Average, with Delays 7.49 6.84 9.30
Weighted Average, Underway 9.79 9.38 12.10
Weighted Average, with Delays 7.39 6.81 99

Upriver Average, Underway 6.43 6.12 7.39
Average, with Delays 5.20 4.95 5.96
Weighted Average, Underway 6.05 5.73 7.68
Weighted Average, with Delays 4.69 4.40 6.22

Total Average, Underway 8.06 7.62 9.42
Average, with Delays 6.37 5.86 7.88
Weighted Average, Underway 7.53 7.03 9.90
Weighted Average, with Delays 5.77 5.29 8.07
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE ANP DIRECTION
(Miles per Hour)

ITRA INTER
TOTAL SYSTEM SYSTEM

Ohio River
Summer (Usage 27%)

Downriver Average, Underway 9.38 8.80 10.15
Average, with Delays 6.51 6.03 7.17
Weighted Average, Underway 9.26 8.47 10.26
w.eighted Average, with Delays 5.95 5.42 6.61

Upriver Average, Underway 6.48 6.92 5.81
Average, with Delays 4.72 4.85 4.54
Weighted Average, Underway 6.32 6.53 5.95
Weighted Average, with Delays 4.43 4.59 4.14

Total Average, Underway 7.94 7.85 8.07
Average, with Delays 5.63 5.43 5.91
Weighted Average, Underway 7.59 7.30 8.02
Weighted Average, with Delays 5.12 4.94 5.37

.4
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AD DIRECTION
(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Ohio River
Winter (Usage 14%)

Downriver Average, Underway 8.97 7.97 9.57
Average, with Delays 6.22 4.29 7.39
Weighted Average, Underway 8.98 8.35 9.36
Weighted Average, with Delays 4.04 3.32 4.47

Upriver Average, Underway 6.14 6.62 5.85
Average, with Delays 4.30 3.75 4.63
Weighted Average, Underway 5.77 6.20 5.51
Weighted Average, with Delays 3.63 3.14 3.93

4 Total Average, Underway 7.65 6.62 8.27
Average, with Delays 5.32 3.75 6.27
Weighted Average, Underway 7.12 6.20 7.68
Weighted Average, with Delays 3.89 3.14 4.34

1
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION
(miles per H~our)

INTrRA INTER

TOTAL SYSTEM SYSTEM

Tennessee River
Fall

Downriver Average, Underway 8.14

Average, with Delays 5.56

Weighted Average, Underway 6.22

Ileighted Average, with Delays 4.48

upriver Average, underway 5.41 9

Average, with Delays 36

Weighted Average, Underway 
5.70 mU

Weighted Average, with Delays 3.51

Total Average, underway 7.09

Average, with Delays 4.81

Weighted Average, Underway 6.03

Wleighted Average, with Delays 4.14
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERVAY, TYPE AND DIRECTION
(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Tennessee River
Spring

Downriver Average, Underway 10.04
Average, with Delays 5.49
Weighted Average, Underway 8.65
Weighted Average, with Delays 5.61

Upriver Average, Underway 7.56
Nq N

Average, with Delays 4.86 1
Weighted Average, Underway 8.00
Weighted Average, with Delays 5.21

Total Average, Underway 8.74
Average, with Delays 5.16
Weighted Average, Underway 8.25
Weighted Average, with Delays 5.37

4
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIrECTION
(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Tennessee River
Sumer

Downriver Average, Underway 7.87
Average, with Delays 5.04
Weighted Average, Underway 7.87
Weighted Average, with Delays 5.29 4

Upriver Average, Underway 5.39
Average, with Delayr 2.61 W

NN
Weighted Average, Underway 5.49
Weighted Average, with Delays 3.08

Total Average, Underway 6.74
Average, with Delays 3.94
Weighted Average, Underway 6.95
Weighted Average, with Delays 4.34
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TABLE 3 (continued)

AvERAGE SEA SON4AL TrV qPFF"S IRT tJ4TWWA V, -E AND DIRECTION
(Miles per Hour)

UlTRA INTER
TOTAL SYSTEM SYSTEM

Tennessee River
Winter

Downriver Average, Underway 9.83
Average, with Delays 5.49
Weighted Average, Underway 9.27
Weighted Average, with Delays 5.27

upriver Average, Underway 5.95
Average, with Delays 3.83 c
Weighted Average, Underway 6.27
Weighted Average, with Delays 4.08

En (

Total Average, Underway 7.89
Average, with Delays 4.66
Weighted Average, Underway 7.58
Weighted Average, with Delays 4.64
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION
(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Upper Mississippi River
Fall (Usage 32%)

Downriver Average, Underway 7.95 7.64 8.34
Average, with Delays 4.37 4.23 4.53
Weighted Average, Underway 7.76 7.62 8.09
Weighted Average, with Delays 4.24 4.20 4.31

Upriver Average, Underway 6.61 6.74 6.38
Average, with Delays 3.94 4.08 3.69
Weighted Average, Underway 5.97 5.92 5.17
Weighted Average, with Delays 3.48 3.49 3.42

Total Average, Underway 7.26 7.14 7.42

Average, with Delays 4.14 4.15 4.13
Weighted Average, Underway 6.68 6.62 6.88
Weighted Average, with Delays 3.84 3.80 3.99
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE 'ID DIRECTION

(Miles per Hour)

INTRA INTER

TOTAL SYSTEM SYSTEM

Upper ississippi River
Spring (Usage 27%)

Downriver Average, Underway 7.95 7.64 8.34

Average, with Delays 4.37 4.23 4.53

weighted Average, Underway 7.76 7.62 8.09

Weighted Average, with Delays 4.24 4.20 4.31

upriver Average, Underway 6.61 6.74 6.38

Average, with Delays 3.94 4.08 3.69

Weighted Average, Underway 5.97 4.92 5.17

Weighted Average, with Delays 3.48 3.49 3.42

Total Average, Underway 7.26 7.14 7.42
Average, with Delays 4.14 4.15 4.13
Weighted Average, Underway 6.68 6.62 6.88
Weighted Average, with Delays 3.84 3.80 3.99

-. 5
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TEABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION
(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Upper Mississippi River

Summer (Usage 37%)

Downriver Average, Underway 9.00 8.33 10.08
Average, with Delays 4.73 3.84 6.19
Weighted Average, Underway 8.22 8.07 8.81
Weighted Average, with Delays 3.78 3.68 4.18

Upriver Average, Underway 5.83 6.04 5.33
Average, with Delays 3.30 i.41 3.03
Weighted Average, Underway 5.60 5.73 5.04
Weighted Average, with Delays 3.11 3.14 2.95

j. Total Average, Underway 7.30 7.04 7.82

Average, with Delays 3.96 3.60 4.68
Weighted Average, Underway 6.59 6.59 6.61
Weighted Average, with Delays 3.40 3.37 3.53
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TABLE 3 (continued)

AVERAGE SEASONAL TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION
(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Upper Mississippi River
Winter (Usage 4%)

Downriver Average, Underway 6.32 5.62 6.25
Average, with Delays 2.05 2.17 2.07

weighted Average, Underway 4.36 3.89 7.63
Weighted Average, with Delays 0.94 1.03 0.88

Upriver Average, Underway 5.39 5.42 5.38
Average, with Delays 2.14 3.82 1.45
Weighted Average, Underway 4.22 5.05 3.85
Weighted Average, with Delays 1.29 2.18 1.04

Total Average, Underway 5.91 5.57 5.76
Average, with Delays 2.09 2.60 1.72
Weighted Average, Underway 4.31 4.18 5.13
Weighted Average, with Delays 1.06 1.22 0.95
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TABLE 4

STANDARD DEVIATIONS OF TOW SPEEDS

(miles per hour)

UNDERWAY WITH DELAY

WATERWAY 
UP DOWN a DOWN

ARKANSAS RIVER 4.54 1.83 1.75 0.84

BLACK WARRIOR-TOMBIGBEE 0.78 1.60 0.66 1.47

CUMBERLAND RIVER 2.75 1.41 2.09 1.72

GULF INTRACOASTAL WATERWAY

EASTERN PORTION 
2.29 2.56

WESTERN PORTION 
3.28 2.55

ILLINOIS RIVER 
2.56 1.95 1.42 1.68

LOWER MISSISSIPPI RIVER 
2.28 3.16 2.23 3.21

MISSOURI RIVER 
0.77 1.59 0.83 2.63

OHIO RIVER 
2.34 2.82 2.06 2.92

PORT ALLEN ROUTE 
1.73 1.66

*TNSSEE RIVER 
1.98 3.37 1.56 2.32

UPPER MISSISSIPPI RIVER 
2.71 3.39 1.59 3.02

5 *6
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TABLE 5

MEDIAN TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Arkansas River

Downriver Underway 5.93

With Delays 4.38

Upriver Underway 6.62E1 4

NN

With Delays 5.56 -'a

Total Underway 6.17

With Delays 4.98

Black Warrior-Tombigbee River System

De'wnriver Underway 6.98 7.14 4.93

With Delays 5.87 6.04 4.10

Upriver Underway 5.40 5.39 5.69

With Delays 4.52 4.54 4.41

Total Underway 5.76 5.82 4.99

With Delays 4.79 4.91 4.30
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TABLE 5 (continued)

MEDIAN TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA I,7TER

TOTAL SYSTEM SYSTEM

Cumberland River

Downriver Underway 8.39 7.60 8.42

With Delays 6.67 6.80 6.80

Upriver Underway 5.44 4.31 5.54

With Delays 4.61 3.95 5.05

Total Undo-riay 6.74 6.85 .6.53

With Delays 5.57 6.03 5.56

Gulf Intracoastal Waterway - Eastern Portion

Underway 6.21 5.52 6.70

With Delays 4.49 4.50 4.46

Gulf Intracoastal Waterway - Western Portion

Underway 6.73 6.29 7.47

With Delays 5.26 4.85 5.27
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TABLE (continued)

MEDIAN TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER
TOTAL SYSTEM SYSTEM

Illinois Rive

Downriver Underway 5.58 5.32 6.30

with Delays 3.23 2.34 3.74

Upriver Underway 4.19 3.87 49

With Delays 2.59 2.24 3.58

Total Uniderway 4.87 4.18 5.52

With Delays 2.76 2.25 3.67

Lover 14ississipili River

Downrlve; Underway 11.87 12.35 10.86

With Delays 10.43 10.68 9.71

Upriver Underway 5.50 5.60 5.12

* 2With Delays 4.70 5.11 4.60

Total Underway 7.05 6.54 7.55

With Delays 6.18 6.14 6.18
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TABLE 5 (continued)

I MEDIAN TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

INTRA INTER

TOTAL SYSTEM SYSTEM

Missouri River

Downriver Underway 9.68

:lWith Delays 6.49

Upriver Underway 3.89 N

With elays3.54

Total Underway 5.78

With Delays 4.29

Ohio River

Doimziver Underway 8.97 12.08 10.03

With Delays 5.91 8.42 6.52

Upriver Underway 6.38 6.14 6.84

With Delays 5.63 4.17 5.76

Total Underway 7.48 7.26 8.11

With Delays 4.93 4.65 5.76
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TABLE 5 (continued)

MEDIAN TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(4iftes ner 1 our)

INTRA INTER
TOTAL SYSTEM SYSTEM

Port Allen Route

Downriver Underway 6.50

with Delays 4.48

Upriver Underway 5.45

With Delays 4.64

Total Underway 6.45

With Delays 4.56 ( f

Tennessee River a

Downriver Underway 7.99

With Delays 5.15

upriver Underway 5.92

with Delays 3.8P

Total Underway 7.09

*With Delays 4.74

61



TABLE 5 (continued)

MEDIAN TOW SPEEDS BY WATERWAY, TYPE AND DIRECTION

(Miles per Hour)

I NTR INTER
TOTAL SYSTEM SYSTEM

Upper Mississippi River

Dowmriver Underway 8.49 7.89 9.31

With Delays 3.81 3.84 6.84

Upriver Underway 5.72 5.92 5.29

With Delays 3.31 3.56 2.38

Total Underway 6.65 6.65 6.55

4With Delays 3,48 3.64 2.74
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TABLE 6

AVERAGE NUMBER OF BARGES PER TOW

INTRA INTER

TOTAL SYSTEM SYSTEM

Allegheny River
Downriver 8.31

Upriver 9.92

TotaIl 9.14

N NQ

Arkansas River w3
Downriver 3.78

Upriver 3.56

Total 3.60

Black warrior-Tombigbee River System

4Downriver 4.31 4.07 6.00

Upriver 4.27 4.00 6.00

Total 4.29 4.03 6.00

cwberland River

Downriver 9.06 7.75 8.93

Upriver 8.75 7.00 9.06

Total .8.89 7.43 9.00
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TAMLE 6 (continued)

AVERAGE NUM.1,BER Or BARGES PER TOW

INTRA INTER
TOTAL SYSTEM SYSTEM

Gulf Intracoastal Waterway - Eastern Portion
(New Orleans to Pensacola) 2.84 2.19 3.70

Gulf Intracoastal Waterway -Western Portion
(Houston to New Orleans) 2.99 2.53 3.90

Illinois River

Downriver 10.71 11.09 10.29

Upriver 11.03 11.30 9.77

Total 10.88 11.20 9.99

Illinois Waterway System North of Lockport, IL
(including Calumet-Saginaw, Chicago Sanitary and Ship Canal and Chicago River)

DoN.nr iver 8.31 SVIPLE SIZE TOO SMALL

(Jpr'.ver 9.92

Total 9.14
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TABLE 6 (continued)

AV~kP-GE NUMBER OF BARGES PER TVW

I NT RA INTER
TOTAL SYSTiEM SYSTEM

Lower Mississippi River

Dwrvr10.15 10.08 9.12

Urvr11.48 10.37 12.50

Total 10.82 10.23 10.56

Missouri River

Downriver 4.67 SAMPLE SIZE TOO SMALL

Upriver 4.88

Total 4.77

Monongahela River

DonrIver 12.25 SAM.PLE SIZE TOO SMALL

Upriver 11.32

Total 11.80

jMorgan City to Port Allen Route
Downriver 4.18 SAMPLE SIZE TOO SMALL

Upriver 4.00

Total 4.17
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TABLE 6 (continued)

AVERAGE NrO,4BER OF BA~tGEs PErR Tow

INTRA INTER
TOTAL SYSTEM SYSTEM

Ohio River

Downriver' 9.90 11.52 7.78

Upriver 11.07 12.04 9.06

Total 10.48 11.80 8.29

Tennessee River

Downriver 9.64 12.67 9.36

Upriver 11.84 10.33 12.19

Total 11.90 11.11 10.61

upper Mississippi River

Do-rvr10.93 10.30 11.32

Upriver 11.62 11.16 12.20

Total 11.28 10.69 11.75
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TABLE 7

AVERAGE NUMBER OF BARGES PER TOW
(by seasons of the year)

INTRA INTER
TOTAL SYSTEM SYSTEM

Black Warrior-Tombistbee River System
Fall (Usage 162)

Downriver 3.38 3.40

Upriver 4.00 3.67

Total 3.92 3.55

Spring (Usage 372)

Downriver 4.18 4.00

Upriver 4.31 4.17 9
N-

Total 4.25 4.09

Summer (Usage 43%)

Dovariver 4.64 4.42

Upriver 4.44 4.08

Total 4.25 4.24

Winter (Usage 42)

Downiriver 4.00 SAMPLE SIZE TOO SMALL

Upriver 3.00

Total 3.50
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ATA.BLE 7 (continued)

AVERAkGE R ZkBER OF BARGES PER TOW

(by seasons of the year)

INTRA INTER

TOTAL SYSTEM SYSTEM

* cumber lald River

* Fall

Dowlr iver 2. 50

Upriver 
10.50

Total 
6.50

Spring

* Dow'nriver 
7.33

upriver 
6.25z

La U

Total 
6.71

I-I 9W

SIummer)

* Dowi1iver 
11.88 a

upriver 
10.86 ) * U

Total11.40

Winter

* -ownrver10.00

Upr~ive~r 
9.33

Total 
9.50
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iTABLE 7 (continued)

AVERAGE NUMBER OF BARGES PER TOW
(by season*s fte er

INTRA INTER

* Gulf Intracoastal Waterway- Eastern Portion
Fall (Usage 36%)

Total 2.94 2.00 4.00

* Spring (Usage 17%)

Total 3.33 2.00 4.86

Siummer (Usage 15%)

*Total 3.06 3.60 2.83

Winter (Usage 32%)

Total 1.93 SAMPLE SIZE TOO SMALL

Gulf Intracoastal Waterway -Western Portion.

Fall (Usage 24%)

Total 3.07 2.57 3.83ISpring (Usage 38%)
Total 3.04 2.63 4.33

Suimmer (Usage 14%)

Total 2.54 2.09 3.33

Winter (Usage 24%)

Total 3.08 2.59 3.88
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4TABLE 7 (continued)

I AVE~akpE RU14BER OF BARGES PER TOW

INTRA INTER
TOTAL SYSTEM SYSTEM

Illinois River
Fall (Usage 41%)

Downriver 10.76 11.80 9.20

Upriver 11.35 11.55 10.25

Total 11.09 11.66 9.85

*1 Spring (Usage 20%)

Downriver 11.40 12.50 12.33

Upriver 12.68 11.39 10.92

Total 12.02 11.39 11.63

Suumer (Usage 23%)

Downr iver 13.59 13.80 13.14

Upriver 12.04 12.84 "11.00

Total 12.82 13.37 11.83

Winter (Usage 16%)

Do-,:iriver 6.58 5.00 7.50

Uprivor 8.58 8.33 7.71

Total 7.73 7.10 7.62
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TABLL 7 (continued)

~1 'AVERAGE MU,;4BER OF BARGES PER TOW
(by seasons of the year)

INTRA INTER
TOTAL SYST7EM SYSTEM

Lower Mississippi River
Fall (Usage 27%)

Downriver 11.43 10.82 11.00

Upriver 11.68 10.27 13.27

Total 11.56 10.50 11.94

Spring (Usage 30%)

Douwnriver 11.98 12.00 10.89

-Upriver 12.29 12.78 11.75

Total 12.14 12.38 11.29

Summner (Usage 23%)

Downrivcr 8.34 6.77 9.00

Upriver 8.34 7.72 14.79

Total 9.78 7.24 11.53

Winter (Usage 21%)

Downriver 8.22 11.13 5.14

Upriver 10.17 10.89 9 .35

Total 9.27 11.00 7.02
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;iTABLE 7 (continued)

AVERAGE NUMBER OF BARGES PER TOW

(by seasons of the year)

INTRA INTER

TOTAL SYSTEM SYSTEM

Missouri River
Fall (Usage 41%)

Downriver 5.60

Upriver 5.40

Total 5.50

Spring (Usage 25%) -

Downriver 
2.00

Upriver 4.25

Total 3.50 .

Summer (Usage 35%)

Downriver 4.75

Upriver 
4.86

Total 
4.80

Winter (There were no winter observations 
on the Missouri River)
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TABLE 7 (continued)

AVEF4GE N~UMBER OP URGES PER TOW
(by season of the year)

*INTRh INTER

TO)TAL SYSTEM SYSTEM
Ohio River

*Fall (usage 25%)

Downriver 10.55 12.92 8.43

Upriver 11.20 11.63 9.93

Tot al 10.88 12.12 8,93

Spring (Usage 34%)

Downriver 11.69 13.25 10.92

Upriver 11.82 12.28 10.43

Total 11.76 12.75 9.27

Swumer (Usage 27%)

Downriver 8.66 9.47 7.56

Upriver 10.64 12.43 .7.91

Total 9.64 10.97 7.73

Winter (Usage 14%)

nowm:iver 7.81 9.61 5.57

Upriver 10.18 10.63 7.82

Total 8.92 10.63 6.56
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4TABLE 7 (continued)

IAVERAGE NUM,'BER OF BARGES PER TOW

1 (by season of the year)

INTRA INTER
TOTAL SYSTEM SYSTEM

Tennessee River
Fall

Downriver 8.12

Upriver 11.60

ITotal 9.46

I Spring

Downriver 10.44

Upriver 11.80

Total 11.16

Sunmer LO-

Downriver 10.08
4

Upriver 12.70

Total 11.27

winter

Downr iver 9.57

Upriver 10.86

Total 10.21
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1 TABIE 7 (,continu :l)

Ai[RlAGE NUMIBER OF BARGES PER TOW

(by season of the year)

INTRA INTER

TOTAL SYSTEM SYSTEM

Upper Mississippi River

Fall (Usage 32%)

Downr iver 12.57 12.32 12.88

Upriver 11.57 9.87 14.50

Total 12.05 10.97 13.64

Spring (Usage 27%)

Downriver 10.71 9.61 12.32

Upriver 11.51 11.50 11.52

Total 11.13 10.62 11.93

Summer (usage 37%)

Downrivor 11.22 10.64 12.18

Upriver 12.46 11.81 14.00

Total 11.89 11.30 13.05

Winter (Usage 4%)

Downriver 8.48 8.76 7.65

Uptrivar 10.10 12.67 9.04

Total 9.18 9.79 8.44

I.

7,5
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TABLE 7

-~~ PERCENT EACMHUL EMPTY

INTRA INTER
TOTAL SYSTEM SYSTEM4

Allegheny River

Downriver 92

Upriver 90

Total 91

Arkansas River

Downriver 67

Upriver 100

Total 89

Black warrior-Toipbigbee River System~

Downr iver' 55 67 0

Upriver 43 6 100

Total 49 35 100

Cumberland River

Downriver 100 100 100

Upriver 17 10 18

Total 89 100 87
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TABLE 7 (continued)

PERCENT BACIQHAUL EMPTY

IN'TRA INTER
TOTAL SYSTEM SYSTEM4

Gulf Intracoastal Waterway - Eastern Portion
(New Orleans to Pensacola) 100 100 98

Gulf Intracoastal Waterway -Western Portion

(Houston to New Orleans) 100 87 100

Illinois River

87 100 29

Downriver

Upriver 53 35 71

Total 69 81 53

Illinois Waterway System North of Lockport, IL

(including Calumet-Saginaw, Chicago Sanitary and Ship Canal and Chicago River)

Dovinriver 100 SAMPLE SIZE TOO SM'ALL

Upriver 28

Total 68
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TABLE 7 (continued)

PERCENT EACKRAUL EMPTY

INTRA INTER

TOTAL SYSTEM SYSTEM

Lower Mississippi River

Downriver 66 75 66

Upriver 73 54 94

Total 70 64 80

Missouri River

1Downriver 23

Upriver 72

Total 4

monongahela RLver

A Downriver 100 )U

Upriver 18
N N

Total 7) U

morgan Cty to Port Allen Route C'

Upriver 100

Total 100

78



TABLE 7 (continued)

-( PERCENT BACKHAUL EMPWTY

INTRA INTER
TOTAL SYSTEM SYSTEM

* Ohio, River

Downriver 82 77 93

Upriver 69 66 72

Total 75 71 83

Tennessee River

Downr iver 100 100 100

Upriver 23 32 21.

Total 81 67 84

Upper mississippi River

Downr 4ver 28 18 41

Upriver 100 84 100

Total 65 49 72
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TABLE 8

PERCENT BACKHAUL EMPTTY BY SEASON

INTRA I NTER.

Black warrior-Tombigbee River SystemTOL SSTM STE
Fall (Usage 16%)

Dowrriver 17 24

Upriver642

Total432

Spring (Usage 37%) &

Downriver 70 80

Upriver 21. 0

Total 43 36

Su~mmer (Usage 43%)

Downriver 62 75IUpriver 54 4
Total 62 40

Winter (Usage )

Downr iver 0 'SAMPLE SIZE TOO SMALl

Upriver 0

Total 0

~*i~j. 1so
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TABLE 8 (continued)

pERCENT BAC.KHAUL EMPTY BY SEASON

INTRA INTER

TOTAL SYSTEM SYSTEM

Cumber land River
Fall

Downriver

Upriver 0

Total 0

Spring

Downriver 100

Upriver 36

Total 96

Summer

Downriver 100

* Upriver 2

*Total 99

Downiver100

IUpriver 21

Total 63
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TABLE 8 (continued)

PERCENT BACICHAUL EMPTY BY SEASON

INTRA INTER
TOTAL SYSTEM SYSTEM

Gulf intracoasta1 Waterway -Eastern Portion

Fall (Usage 364) 100 100 100

Spring (Usage 17%) 100 100 88

Sumer (Usage 15%) 100 100 94

winter (usage 32%) 100 SAM4PLE SIZE TOO SYAL..
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ITABLE 8 (continued)

.1 PERCENT BACIOIAUL EMPTY BY SEASON

INTRA INTER
TOTAL SYSTEM SYSTEM

- Gulf Intracoastal Waterway -Western Portion

Fall (Usage 24%) 100 56 100

Spring (Usage 38%) 100 100 100

Sumer (Usage 14%) 100 100 100

winter (Usage 24%) 100 77 100
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TABLE 8 (continued)

'A PERCENT BACIAUL EMPTY BY SEASON

IN'TRI INTER
STOTAL SYSTEM SYSTEM

Illinois River

Fall (Usage 41%)

Downriver 100 100 33

Upriver 3*9 19 68

Total 78 88 55

Spring (Usage 20%)

Downriver 56 22 23

Upriver 32 60 37

Total 43 60 29

Sumer (23%)

Downriver 95 100 24

Upriver 72 51 94

Total 84 94 64

Winter (Usage 6%)

0ownriver 37 29 40

Upriver 75 56 78

Total 61 56 62
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4

1 PERCENT BACIQIAUL EMPTY BY SEASON

INTRA INTER
TOTAL SYSTEM SYSTEM

Lower Mississippi River
Fall (Usage 27%)

Downriver 57 49 65

Upriver 83' 68 100

Tptal 70 60 84

1 Spring (Usage 30%)

Downriver 70 85 44

Upriver 75 48 100

$Total 69 66 75

4 * $umez- (Usage 23%)

Downriver 73 93 64

Upriver 79 34 100

Total 76 62 85

Winter (Usage 21%)

Downr iver 82 63 100

upriver 46 61 28

Total 61 39 61



TAIBLE 8 (continued)

PERCEP BACKHAUL EMPTY BY SEASON

INTRA INTER

TOTAL SYSTEM SYSTEM

Ohio River
Fall (Usage 25%)

Downriver 75 76 74

Upriver 72 57 100

Total 73 65 91

Spring (Usage 34)

Downriver 90 88 100

Upriver 77 75 88

Total 84 81 94

S mer (Usage 27%)

Downriver 76 61 100

Upriver 70 75 57

Total 73 69 80

Winter (Usage 14%)

Downriver 88 74 100

Upriver 43 6s 28

Total 64 61 68
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ITABLE 8 (continued)

PERCENT BACIQIAUL EM4PTY BY SEASON

INTRA IV.TER

I Tnnese RierTOTAL SYSTEM4 SYSTEM

Fall

Downriver 100

Upriver 14

Tota1 93

Spring

Downriver 100

Upriver 17

Total 6

Summer

Downriver 100

Upriver 14

Total 86

Winter

Downriver 100

Upriver 53

Total 85
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TABLE 8 (conttinued)

IERCENT BACK1MUL EmPT BY SEASON

INThA fINTER
TOAL SYSTEM SYSTEM

Av UP2eX Missssii River

Fa1 (Usage 32%)

4Downriver 32 22 43

Upriver 94 85 100

Total 63 53 73

Spring (Usage 27%.)IDownriver 21 16 25
upriver 100 100 98

Total 65 69 59

Sumr (Usage 37%)

Downriver 31 14 53

upriver 100 100 100

Total 78 72 as

Winter (Usage 4%)

Dowriver 25 21 45

Upriver 61 40 73

Total* 42 28- 62
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I TABLE 9

AVERAGE TRA;NSIT TIME FOR EACH LOCK TRAVERSED BY WATERWAY

TRANSIT TIME
WATERWAY (HOURS)

ARKANSAS RIVER .68

BLACK WARRIOR-TOIBIGBEE .75

CUMNERLAND .75

GULF INTRACOASTAL WATERWAY, EASTERN PORTION 7.58

GU.LF INTRACOASTAL WATERWAY, WESTERN PORTION 1.60

1 ILLINOIS RIVER 4.86

OHIO RIVER 2.81

PORT ALLEN ROUTE 1.02

TENNESSEE RIVER 3.36

UPPER MISSISSIPPI RIVER 3.20
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TABLE 10

AVERAGE TRANSIT TIME FOR EACH LOCK TRAVERSED BY WATERWAY AND SEASON

"1
TRANSIT TL

WATERWAY (HOURS)

BLACK WARRIOR-TOMBIGBEE RIVER SYSTEM

FALL 1.17
SPRING 0.65
SUMMER 0.68
WINTER 0.331

GULF INTRACOASTAL WATERWAY/WESTERN PORTION

FALL 1.15
SPRING 1.23
SUMMER 0.86
WINTER 2.21

ILLINOIS RIVER

FALL 4.90
SPRING 4.75
SUMMER 5.51
WINTER 2.38

OHIO RIVER

FALL 6.32
SPRING 1. 14
SUMMER 2.27
WINTER 2.56

UPPER MISSISSIPPI RIVER

FALL 2.13
SPRING 2.72
SUMMER 2.80
WINTER 9.37
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TABLE I I

AVERAGE DELAYS BY WATERWAY - ALL MOVEMENTS

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY M2EAN
OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

ARKANSAS RIVER

WEATHER .22 3.12 .22 7.25 .22 5.19
FOG .33 12.36 .33 2.36 .33 7.36
LOCKING 1.00 12.34 1.00 6.91. 1.00 9.62
REPAIRS .11 2.00 .33 0.61 .22 0.96
ICE .33 6.50 .11 12.75 .22 8.06
CREW CHANGE ---- -

SUPPLIES .11 0.75 .11 0.75
CHANNEL DELAY .56 8.40 .78 1.14 .67 4.16
AWAITING ORDERS -- ...

VESSEL ASSISTING ---- .11 0.92 .11 0.92

AWAITING BERTH ---- ---- --

BRIDGE WAIT .56 1;55 .33 0.69 .44 1.23
FLEETING .11 1.67 .56 2.05 .33 1.99

BLACK WARRIOR-TOMBIGBEE RIVER SYSTEM

WEATHER .03 0.50 .03 3.25 .03 1.88
FOG .42 5.62 .38 8.84 .39 7.29
LOCKING .97 5.83 1.00 6.15 .99 6.00
REPAIRS .25 6.86 .27 7.24 .27 7.07
ICE
CREW CHANGE ---- .03 0.42 .01 0.42
SUPPLIES ---- -----------

CHANNEL DELAY .16 1.78 .14 1.52 .14 1.65
AWAITING ORDERS ---
VESSEL ASSISTING ----

AWAITING BERTH
BRIDGE WAIT .03 8.50 ---- .01 8.50

FLEETING .59 1.85 .81 4.28 .71 3.34
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TABLE 11 (continued)

AVERAGE DELAYS BY WATERWAY - ALL MOEW'=,.'TS

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN
or DELAY OF DELAY or DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

CUMBERLAND RIVER

WEATHER --- --

FOG .35 6.71 .20 2.56 .27 4.72
LOCXING .94 1.93 .75 2.68 .84 2.29
REPAIRS .06 0.50 .10 0.29 .08 0.36

CREW1 CHANGE .06 0.25 .10 0.66 .08 0.53
SUPPLIES .06 2.00 .15 1.78 .11 1.84
CHANNEL DELAY --- ---- .05 0.33 .03 0.33-
AWAITING ORDERS .06 0.25 ------- .03 0.25 i
VESSEL ASSISTING -- ---. 15 0.86 .08 0.86
AWAITIN BERTH --- ----- --

-BRIDGE WAIT ------

FLEETING .53 2.71 .55 2.56 .54 2.63
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TABLE 11 (continued)

AVERAGE DELAYS BY WATERWAY - ALL MOVEMENTS

:1
* PROBABILITY MEAN

OF DELAY

OCCURRENCE (HOURS)

GULF INTRACOASTAL WATERWAY, EASTERN PORTION

WEATHER .14 12.05
FOG .08 12.06
LOCKING .42 7.58
REPAIRS .08 2.22
ICE ---- --

CREW CHANGE .03 0.50
SUPPLIES .03 0.67
CHA TNEL DELAY .06 1.66
AWAITING ORDERS
VESSEL ASSISTING .08 11.11
AWAITING BERTH .06 1.96
BRIDGE WAIT
FLEETING .28 3.21

GULF INTRACOASTAL WATERMAY, WESTERN PORTION

WEATHER .09 7.21
FOG .22 5.84
LOCKING .69 7.63
REPAIRS .12 5.01
ICE
CREW CHANGE .03 1.50
SUPPLIES .15 2.06
CHANN'EL DELAY .27 3.44
AWAITING ORDERS .03 1.12
VESSEL ASSISTING .09 1.60
AWAITING BERTH .07 12.16
BRIDGE WAIT .11 4.69
FLEETING .26 2.49
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TABLE II (cu:atinued)

AVERAGE DELAYS BY WATERWAY - ALL MOVE MNTS

DOWNRIVER UPRIVER BOTH

PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MAN
OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

ILLINOIS RIVER

WEATHER .15 5.76 .04 7.42 .09 6.15

FOG .14 4.46 .13 4.10 .14 4.28
LOCKING .80 13.45 .81 16.94 .81 15.33

REPAIRS .15 2.49 .11 5.96 .13 4.08
ICE .13 25.51 .10 14.10 .11 20.08
CREW CHANGE .03 0.89 .02 1.46 .03 1.12
SUPPLIES .02 6.25 .12 1.62 .08 2.28.

CHANNEL DELAY .29 2.92 .70 3.03 .51 3.00

AWAITING ORDERS .03 43.92 .01 2.00 .02 33.44
VESSEL ASSISTING .23 6.34 .20 5.89 .22 6.11

AWAITING BERTH .01 0.67 .01 0.67
BRIDGE WAIT .19 1.29 .07 2.58 .13 1.68
FLEETING .74 8.22 .56 6.25 .65 7.31

j4" LOWER MISSISSIPPI RIVER

WEATHER .07 4.53 .04 5.95 .05 5.06
FOG .26 9.22 .22 7.53 .24 8.44
LOCKING ----

REPAIRS .08 5.96 .16 6.59 .12 6.38

ICE .. .. . .

CREW CHANGE .04 1.08 .04 1.55 .04 1.33
SUPPLIES .16 2.38 .18 2.27 .17 2.32

CHANNEL DELAY .11 1.54 .62 4.52 .37 4.08

AWAITING ORDERS .01 0.25 .01 4.09 .01 2.17

VESSEL ASSISTING .20 2.28 .20 3.55 .20 2.93

AWAITING BERTH .02 3.84 .01 1.00 .01 3.27
BRIDGE WAIT .02 11.00 .03 0.79 .03 4.88
FLEETING .43 8.44 .42 7.79 .43 8.12
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TABLE 11 (continued)

AVERAGE DELAYS BY WATERWAY -ALL MOVEMENTS

DOWNRIVER UPRIVER BOTH

PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN
OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS,

MISSOURI RIVER

WEATHER .20 17.72 .10 17.72

A FOG .40 6.83 .38 5.11 .39 5.97
LOCKING -

REPAIRS .13 2.88 .13 3.95 .13 3.41
ICE . ... ..

CREW CHANGE .13 0.50 .13 0.58 .13 0.54
SUPPLIES .27 1.58 .31 2.07 .29 1.85
CHANNEL DELAY .44 3.94 .23 3.94
AWAITING ORDERS .06 0.58 .03 O.58
VESSEL ASSISTING ---......---

AWAITING BERTH "--

BRIDGE WAIT .20 5,.89 .19 4.75 .19 5.32
FLEETING .67 9.18 .81 4.09 .74 6.31

4
.1

OHIO RIVER

WEATHER .03 9.32 .03 14.04 .03 11.68
FOG .24 7.29 .18 8.98 .21 8.00
LOCKING .89 24.50 .88 24.60 .89 24.55
REPAIRS .10 3.02 .11 10.04 .10 6.53
ICE .04 67.85 .04 41.73 .04 55.66
CREW CHANGE .06 0.66 .07 1.19 .06 0.93
SUPPLIES .18 1.89 .22 2.06 .20 1.98
CHXANEL DELAY .07 1.49 .26 2.12 .16 1.98
A;AITING ORDERS .01 1.88 .01 58.25 '.01 30.06

VESSEL ASSISTING .09 3.45 .11 2.91 .10 3.16

AWAITING BERTH .01 i 00-----

BRIDGE WAIT .01 5.66 .01 0.50 .01 3.94
FLEETING .61 8.89 .66 8.93 .64 8.91
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TABLE 11- (continued)

AVERAGE DELAYS BY WATERWAY - ALL MOVEMENTS

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY IMEAN PROBABILITY MEAN
OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

PORT ALLEN ROUTE

WEZATHER -- ---- ----

FOG .12 3.78 .11 3.76
LOCKING 1.00 3.12 1.00 1.50 1.00 3.03
REPAIRS 1.00 0.58 .06 0.58
ICE -.

CREW CHANGE 
- ----

SUPPLIES .....
CHANNEL DELAY .12 1.38 ---- .11 1.38

AWAITING ORDERS ------

VESSEL ASSISTING

AWAITING BERTH ----

BRIDGE WAIT .29 1.80 .28 1.80

FLEETING .18 2.33 .17 2.33

.4

TENNESSEE RIVER

WEATHER .08 13.17 .03 8.08 .06 11.90
FOG .17 2.18 .31 8.44 .24 6.09
LOCKING .94 9.22 .97 10.03 .96 9.61
REPAIRS .11 3.36 .06 1.75 .09 2.82
ICE --- ----
CREW CNANGE--- ------- - --

SUPPLIES .08 1.19 .06 1.38 .07 1.27
CHANNEL DELAY .06 1.62 .13 0.88 .09 1.12
AWAITING ORDERS .03 0.50 ---- .01 0.50

VESSEL ASSISTING .14 4.77 .09 3.97 .12 4.47
AWAITING BERTH . ... ..

IRIGE WAIT .08 0.94 .03 0.25 .06 0.77
FLEETING .67 5.04 .63 7.44 .65 6.13
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TABLE 11 (continued)

AVERAGE DELAYS BY WATERWAY - ALL MOVEMZT

DOWNRIVER UPRIVER BOTH
4 PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN

oF DELAY OF DELAY or DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

*UPPER MISSISSIPPI RIVER

WEATHER .11 7.40 .07 5.74 .09 6.73

FOG .22 7.55 .17 5.98 .19 6.86
LOCKING .82 43.02 .79 40.48 .81 41.75
REPAIRS .11 9.08 .06 4.30 .08 7.39
ICE .05 41.92 .02 39.38 .04 41.24
CREW CHANGE .01 0.56 .06 1.76 .04 1.52
SUPPLIES .06 2.10 .09 2.22 .08 2.17
CHANNEL DELAY .18 4.25 .53 2.89 .36 3.22
AWAITING ORDERS .01 5.33 .02 12.00 .02 9.50
VESSEL ASSISTING .19 3.59 .17 2.91 .18 3.26
AWAITING BERTH .01 3.08 .01 2.50
BRIDGE WAIT .14 1.88 .14 ..09 •14 1.48
FLEETING .60 6.86 .59 6.31 .60 6.59

4

I
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TABLE 12Z

AVERAGE DELAYS BY WATERWAY FOR WITHIN SYSTEM4 MOVEMENTS

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEANI Or DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURR.ENJCE (HOURS) OCCURRENCE (HOURS)

BLACX wARRIOR-TOmBxIGBEE RIVER SYSTEM

WEATHER .04 .50 .02 0.50
FOG .37 6.21 .38 9.30 .37 7.89
LOCXING 1.00 5.33 1.00 5.28 1.00 5.30
REPAIRS .26 7.77 .28 7.69 .27 7.73ICE . . ... .. ..-- --

CREW CHANGE .03 0.42 .02 0.42
SUPPLIES ----

CHANNEL DELAY .07 1.38 .09 2;25 .08 1.90
AAITING ORDERS . .... .
VESSEL ASSISTING ---.....--
BRIDGE WAIT .04 ------- .02 8.50

S FLEETING .67 1.90 .88 4.53 •.78 3.50

v~-i
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TABLE 12 (contiued)

AVERAGE DELAYS BY WATERWAY FOR WITHIN SYSTE.,4 MOVEMENTS

PROBABILITY MEAN
OF DELAI

SOCCURRENCE (HOURS)

GULF INTRACOASTAL WATERWAY - EASTERN PORTION

*WEATHER .14 11.62
FOG .06 10.29
LOCKING .49 8.02

REPAIRS .10 13.38
ICE I--
CREW CHANGE •.03 1.-00'
SUPPLIES .08 1. 33

CHANNEL DELAY .08 1.70
* AWAITING ORDERS

VESSEL ASSISTING .06 8.84
AWAITING BERTH .03 1.96
BRIDGE WAIT .01 0.83
FLEETING .25 3.56

GULF INTRACOASTAL WATERWAY - WESTERN PORTION

* WEATHER .18 8.78

FOG .14 6.01
LOCKING .68 4.49

REPAIRS .13 3.32
ICE .01 3.00
CREW CHANGE .03 1.34
SUPPLIES .07 2.10
CHANNEL DELAY .26 2.61
AWAITING ORDERS .01 0.25
VESSEL ASSISTING .10 4.05
AWAITING BERTH .04 9.08
BRIDGE WAIT .18 5.97

FLEETING .29 3.48
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TALE 12 (otiud

AV1UU amms. ., ,p FO W?" "622t4 wAd

PROIRJLm? mmA pw8a5ILI? mmA PRORASILZU "Em
OF 09LAT or DEWA ofMA
o("OURS) "0" q M w-. (HOURS) 2"CU;.. (mm..)

ILLdINOIS RIVER

WEATHER .16 4.15 .06 7.54 .10 S.17
FOG .09 5.23 .17 3.41 .13 3.97
LOCKING .93 14.S6 . 19.54.. . 17.31
REPAIRS .11 2.45 .07 8.10 .09 4.9%
ICE .07 18.33 .06 18.86 .06 18.60
CREW CHANGE .02 2.00 .01 2.00
SUPPLIES .09 1.87 .05 1.87'
CHAIREL DE.AY .20 1.96 .65 2. .44 2.35
AWAITIG ORDERS .04 3.50 .02 2.00 .03 2.17
VESSEL ASSISTING .18 10.13 .28 5.96 .23 4.71
AWAITING BERTH -- - -- ---
SRIE WAIT .07 1.50 .07 0.64 .0.7 1.01
FLEETING .69 6.51 .48 6.98 .56.73

LwER' MISSISSIPPI RIME

WEATHER .03 1.81 .04 6.42 .04 4.44
FOG .26 9.36 .25 6.68 .26 7.99
LOCKING .05 5.12 .03 22.66 .04 11.70
XEPAIRS .10 7.55 .21 5.10 .16 S.94

CREW CHANGE .01 3.75 .03 0.94 .02 1.64
SUPPLIES -11. 3.31 .17 2.66 .14 2.96
CHANNEL DELAY .08 2.59 .64 4.02 .37 3.88
AWAITING ORDERS .01 0.25 .01 4.09 ,03 2.17
VESSEL ASSISTING .26 2.70 .21 3.94 .23 3.28
AWAITING REM .03 4.06 .01 1.00 .2 3.29
BRIDGE WAIT .03 14.08 .04 0.67 .04 6.42
F G .144 9.14 .43 8.33 .43 8.72
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TABLE 12 (continued)

AVERAGE DELAYS BY WATERY FOR WITHIN SYSTEM MOVEMENTS

DOWNRIVMR UPRIVER BOTH
PROBABILITY MEAN POBABILITY MEAN PROBABILITY .A
OF DELAY OF DELAY OF DELA
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HO

MISSOURI RIVER

FOG .40 6.83 .38 5.11 .39 5.97. !LOCKING ------------

REPAIRS .13 2.88 .12 3.95 .13 3.41 d

ICE -a-- --- - --

CREW CHANGE .13 0.50 .12 0.58 .13 0.54
SUPPLIES .27 1.58 .31 2.07 .29 1.851 CHANNEL DELAY .44 3.94 .23 3.94
AWAITING ORDERS .06 0.58 .03 0.58

VESSEL ASSISTING --

AWAITING BERTH ---- --

BRIDGE WAIT* .20 5.89 .19 4.75 .19 5.32

FLEETING .67 9.18 .81 4.09 .74 6.31

4

OHIO RIVER

WEATHER .03 6.47 .04 16.45 .03 12.71

FOG .26 6.12 .18 8.22 .22 7.07

LOCKING 1.00 21.15 .99 23.24 1.00 22.27

REPAIRS .14 3.13 .13 11.96 .13 7.68

ICE .06 77.26 .04 47.56 .05 63.55

CREW CHANGE .08 0.69 .08 1.31 .08 1.03

SUPPLIES .18 1.01 .24 2.42 .21 1.86

CHAN !EL DELAY .05 0.80 .26 1.69 .17 1.57

AWAITING ORDERS .01 0.50 .01 58.25 .01 39.00

V.ESSEL ;SSISTING .11 2.83 .10 3.67 .11 3.27
AWAITING BERTH .01 1.00----------

BRIDGE WAIT -- --. 01 0.50--- -

FLEETING .75 9.65 .72 8.90 .74 9.2S
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TABLE 12 (continued)

AVERAGE DELAYS BY WATERWAY FOR WITHIN SYSTEM MOVE'ENTS

DOWNRIVER UPRIVER BOTH1 PROBABILITY MMA PROBABILITY MEAN PROBABILITY MEAN( DELAY or DELAY OF DELAY t

OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

I UPPER MISSISSIPPI RIVER

WEATHER .12 6.31 .08 7.79 .10 6.93
FOG .28 6.38 .21 6.06 .24 6.24

LOCKING .91 41.86 .87 41.74 .89 41.80
REPAIRS .13 11.29 .07 5.50 .10 9.20
ICE .08 38.66 .04 38.66
CREW CHANGE .03 0.56 .08 1.07 .05 0.95
SUPPLIES .07 2.03 .10 1.44 .09 1.66
CHANNEL DELAY .21 4.43 .55 2.66 .38 3.13
AWAITING ORDERS .03 5.33 .02 16.61 .02 10.97

* VESSEL ASSISTING .23 3.28 .20 3.20 .21 3.24

* AWAITING BEI,.-H .01 0.75 .02 3.08 .02 2.50
A BRIDGE WAIT .27 1.72 .24 1.09 .23 1.39

FLEETING .75 6.89 .71 7.62 .73 7.25

.1
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TABLE 13

AVERAGE DELAY BY WATERWAY FOR INTERSYSTEM MOVEMENTS

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN
OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

BLACK WARRIOR-TOMBIGBEE RIVER SYSTEM

WEATHER --- .20 3.25 .11 3.25
FOG .75 3.67 .40 6.08 .56 4.63
LOCKING 1.00 9.25 1.00 11.72 1.00 10.62
REPAIRS .25 0.50 .20 3.17 .22 1.84
ICE ---
CREW CHANGE ----
SUPPLIES ---- ---- -
CHANNEL DELAY .75 2.06 .40 0.42 .56 1.40
AWAITING ORDERS ---- -- - -- -

VESSEL ASSISTING
AWAITING BERTH ----
BRIDGE WAIT ---- -.
FLEETING .25 0.92 .40 0.75 .33 0.81

=1.4BER.A.aD RIVER

WEATHER - ----
FOG .46 7.00 .24 7.56 .33 5.23
LOCKING 1.00 2.18 .71 3.74 .83 2.69
REPAIRS .08 0.50 .12 0.58 .10 0.36
ICE
C.-- CHANGE .12 0.66 .07 0.66
SUPPLIES .18 1.78 .10 1.78
HA,,EL DELAY .06 0.33 :03 0.33

AWAITING ORDERS ---- ----
VESSEL ASSISTING ---- .18 0.86 .10 0.86
AWAITING BERTH
BRIDGE WAIT ----

FLEETING .54 2.01 .47 3.33 .50 2.72
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TABLE 13 (continued)

AVERAGE DELAY BY WATERWAY FOR INTERSYSTEM MOVE.4ENTS

PROBABILITY MEAN
OF DELAY
OCCURRENCE (HOURS)

GULF INTRACOASTAL WATERWAY - EASTERN PORTION

WEATHER .15 11.08
FOG .04 5.00

LOCKING .56 7.73
REPAIRS .11 24.53
ICE
CREW CHANGE .04 1.50
SUPPLIES .15 1.50
CHANNEL DELAY .11 1.72
AWAITING ORDERS ....

VESSEL ASSISTING .04 2.00

AWAITING BERTH ....

BRIDGE WAIT .04 0.83
FLEETING .22 4.15

GULF INTRACOASTAL WATERWAY - WESTERN PORTION

HEATHER .31 9.27
FOG .14 5.75
LOCKING .97 4.95
REPAIRS .A7 2.72
ICE
CREW CHANGE .03 0.50
SUPPLIES .07 0.92
CHANNEL DELAY .28 1.86
AWAITING ORDERS* '--
VESSEL ASSISTING . .14 5.36
ANAITING BERTH ....
BRIDGE WAIT .34 5.22
FLEETING .38 3.80

SMHRE IS NO CURRENT ON THE GULF INTRACOASTAL WATERWAYS

10:4
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TABLE 13 (continued)
AVERAGE DELAY BY WATERWAY FOR INTERSYST?4 -4OVE!4E-TS

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEANJ PROBABILITY MEAN
oF DELAY oF DELAY oF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

ILLINOIS RIVER

WEATHER .15 7.62 .02 7.00 .07 7.54
FOG .20 4.08 .11 5.17 .14 4.55

LCIG.66 11.74 .72 18.23 .69 15.65
REPAIRS .20 2.51 .14 4.27 .16 3.39
ICE .20 28.21 .16 10.65 .17 18.91

CREW CHANGE .07 0.89 .04 1.84 .05 1.27
SUPPLIES .05 6.25 .19 1.12 .13 1.91
CHANNEL DELAY .39 3.46 .77 3.34 .61 3.37
AWJAITING ORDERS .02 124.75 ---. 01 124.75
VESSEL ASSISTING .29 3.81 .16 11.28 .21 7.01
AWAITING BERTH .02 0.67 ---. 01 0.67

* BRIDGE WAIT .32 1.24 .11 3.12 .19 1.83
FLEETING .80 9.82 .63 5.00 .70 7.30
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TABLE 13 (continued)

AVERAGE DELAY BY WATERWAY FOR INTERSYSTE. 'MOVEMENTS

DOWNRIVER UPRIVER BOTH

PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN
OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

LOWER MISSISSIPPI RIVER

WEATHER .08 5.71 .03 5.33 .06 5.61

FOG .22 8.83 .18 8.86 .21 8.84
LOCKING - ----

REPAIRS .06 120.94 .11 9.12 .08 55.17
ICE ---- ---- ---- .01 43.00

CREW CHANGE .05 0.64 .06 1.92 .05 1.22
*SUPPLIES .17 1.81 .21 2.15 .19 1.97

CHANNEL DELAY .15 0.94 .60 6.15 .34 4.87
AWAITING ORDERS .01 6.67 ------- .01 6.67

i VESSEL ASSISTING .13 10.08 .18 3.05 .15 6.45

AWAITING BERTH .01 3.17 -----. 01 3.17
BRIDGE WAIT .04 1.80 .02 1.04 .03 1.58
FLEETING .38 7.10 .43 6.94 .40 7.02

OHIO RIVER

WEATHER 02 10.42 .02 2.00 .02 7.61

FOG .23 7.78 ..17 10.73 .21 8.83
LOCKING .72 30.99 .65 28.59 .68 30.02

REPAIRS .06 2.65 .08 1.58 .07 2.12

ICE .01 2.00 .03 4.62 .02 3.75

CREW CHANGE .03 0.56 .03 0.50 .03 0.53

SUPPLIES .16 2.88 .17 1.00 .17 2.05

CHANNEL DELAY .10 1.94 .25 3.05 .17 2.65

AWAITING ORDERS .01 3.25 .01 3.25
VESSEL ASSISTING .08 4.25 .14 1.45 .11 2.68

AWAITING BERTH .01 1.00 .01 1.00
BRIDGE WAIT .02 5.66 ---- .02 5.66

FLEETING .,42 6.69 .52 8.87 .46 7.75
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TABLE 13 (continued)

AVERAGE DELAY BY WATEMaY FOR INTERSYSTEM MOVEMENTS

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY .AN

OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

TENNESSEE RIVER

WEATHER .06 18.38 .04 8.08 .05 14.94
FOG .12 2.56 .23 9.67 .17 6.82
LOCKING .94 8.60 .96 9.10 .95 8.83
REPAIRS .09 2.56 .08 1.75 .08 2.83

-! ICE --

CREW CHANGE
SUPPLIES .06 1.54 .08 1.38 .07 1.46
CHANNEL DELAY .03 0.25 .08 1.38 .05 1.00
AWAITING ORDERS .03 0.50 ---- .01 0.50
VESSEL ASSISTING .15 4.77 .08' 4.96 .12 4.82

AWAITING BERTH ---
"

BRIDGE WAIT .09 0.94 .04 0.25 .07 0.77

FLEETING .67 4.51 .58 7.31 .63 5.64

UPPER MISSISSIPPI RIVER

WEATHER .09 9.30 .06 1.65 .07 6.36

FOG .15 10.17 .09 5.68 .12 8.46

LOCKING .70 46.15 .68 39.00 .69 42.66
REPAIRS .07 3.21 .03 0.69 .05 2.37
ICE .01 74.50 .05 39.38 .03 46.40
CREW CHANGE- .02 5.25 .01 5.25
SUPPLIES .06 2.20 .08 3.69 .07 3.07

CHANNEL DELAY .14 3.84 .49 3.21 .31 3.35

AWAITING ORDERS -- - .02 5.08 .01 5.08

VESSEL ASSISTING .13 4.36 .13 2.24 .13 3.30

AWAITING BERTH
BRIDGE WAIT .03 2.78 .02 2.78
FLEETING .39 6:60 .43 3.21 .41 4.83
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4 TABLE 14

AVERAGE DELAY BY WATERWAY AND SEASON

4DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN
oF DELAY oF DELAY oF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

BLACK WARRIOR-TOMBIGBEE RIVER SYSTEM
FALL

WEATHER-- --- - ------- -

FOG .80 8.21 .50 21.25 .64 13.80
LOCKING 1.00 7.35 1.00 7.47 1.00 7.42
REPAIRS .20 13.00 .50 9.06 .36 10 .04
ICE-- -- --- -- --- -- -

CREW CHANGE ------

SUPPLIES---- --- --- - --

CHANNEL DELAY .17 2.00 .18 2.00
AWAITING ORDERS
VESSEL ASSISTING --------

AWAITING BERTHI
BRIDGE WAIT -- ---- ----
FLEETING .80 1.58 1.00 5.00 .82 3.48

SPRIN4G

WEATHER .10 0.50 -----. 05 0.50

FO .30 3.81 .58 6.12 .45 5.43
LOCKING 1.00 4.89 1.00 4.36 1.00 4.60
REPAIRS .40 4.81 .25 8.08 .32 6.21

'ICE -- -- -- -- - -- --- ---- ---

CREW CHANGE - - -- -- -- -- -- --- -

SUPPLIES-- -------

CHAN=E DELAY
*AWAITING ORDERS --- ---- - -- - -- --- --

aVESSEL ASSISTING --

AWAITING BERTH --------------

BRIDGE WAIT -- -- --- --- -- -- ---- - --

FLEETING .60 0.77 .83 3.21 .73 2.29
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TABLE 14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN
oF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (POURS)

BLACK WARPIOR-TOMBIGBEE RIVER SYSTEM
SUMMER

WEATHER -- ---- ----

FOG .25 5.94 .15 2.50 .20 4.57
LCIG.92 5.06 1.00 5.33 .96 5.21
RPIS.17 11.09 .15 7.29 .16 9.18

ICE-- -- --- -- --- -- -

CREW CHAGE--- -- .08 0.42 .04 0.42
SUPPLIES-- -- - - ---- -- -

CHANNEL DELAY .17 1.38 .15 2.38 .16 1.88
AWAITING ORDERS----- ---------

VESSEL ASSISTING -- ----

AWAITING BERTH---- ------

BRIDGE WAIT ----- --

FLEETING *67 2.92 .92 4.96 .80 4.14

WINTER

.WEATHER

LOCKING. 1.00 2.50 1.00 2.42 1.00 2.46
* REPAIRS ----- 1.00 3.25 .50 3.25

*ICE - - - -- -

CREW CHANGE
SUPPLIES----------
CHANNEL DELAY-----

* AWAITING ORDERS
VESSEL ASSISTING
AWAITING BERTH -- ----

BRIDGE WAIT 1.00 8.50 .50 S 8.50

FLEETING 17 .-0 10.33 .50 10.33
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TABLE 14 (continued)

AVERAGE DELXY BY WATERWAY AND SEASON

PROBABILITY MEAN
or DELAY
OCCURRENCE (HOURS)

* GMIX INTRACOASTAL WATERWAY - EASTERN PORTION
FALL

WEATHER-----
FOG --- -

LOCKING .33 4.50
*REPAIRS .22 2.92
ICE - ---
CR.EW CHANGE-----
SUPPLIES .10.67
CHANNEL DELAY .10.33
AWAITING ORDERS-----
VESSEL ASSISTING -----

AWAITING BERTH
BRIDGE WAIT ---
FLEETING .22 1.21

SPRING

WEATHER .12 11.75
FOG .12 5.00
LOCKNG .38 16.39
REPAIRS .12 0.83
ICE --- -

CREW CHANGE
SUPPLIES-----
CHANNEL DELAY-----
AWAITING ORDERS----
VESSEL ASSISTING .12 0.50
AWAITING BERTH-----
BRIDGE WAIT-----
FLEETING .38 0.56
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TABLF 14 (con~tinued)

AVERAGE DELAY BY WATERWAY AND SEASON

PROBABIL12'Y MEAN
*of DELAY

OCCURRENCE (HOURS)

GULF INTRACOASTAL WATERWAY -EASTERNI PORTION
SUMMER

WEATHER .20 5.25
'FOG ---
LOCKING .20 11.58
REPAIRS - --

ICE --

CREW CHANGE ----

SUPPLIES ---

CHANNEL MEAY .20 3.00
AWAITING ORDERS --
VESSEL ASSISTING .20 0.67
AWAITING BERTH ----

*BRIDGE WAIT --

FLEETING .40 5.62

WINTER

WEATHER .21 14.42
* FOG .14 15.58

LOCKING .57 4.94
REPAIRS
ICE -

CRE CHANGE .70.50ISUPPLIES
CHANNL DELAY
AWAITING ORDERS
VESSEL ASSISTING .7 32.17
AWAITING BERTH .1k4 1.96
BRIDGE WAIT
FLEETING .21 S.58



TABLE 14 (continued)
AEAEDELAY BY WATERWAY AND SEASON

PROBABILITYDEY

OCCURRENCE (HOURS)

* GULF INTRACOASTAL WATERWAY - WESTERN PORTION
FAL

WEATHER-----
FOG .36 3.73

j LOCKING .79 7.48
REPAIRS .07 1.84
ICE ----
CREW CHANGE .07 0.83
SUPPLIES .21 1.89

AWAITING ORDERS .07 0.25
VESSEL ASSISTING .07 5.25
AWAITING BERTH - --

BRIDGE WAIT .14 4.29
FLEETING

SPRING

* WEATER .11 13. 33
FOG .26 4.18
LOCKING .78 7.85
REPAIRS .3.5 1.96
ICE --

CREWA CHANGE --

SUPPLIES .15 1.14
CHANNEL DELAY .48 2.45
AWAITING ORDERS .04 2.00
VESSEL ASSISTING .15 1.08
AWAITING BERTH .04 29.83
BRIDGE WAIT .15 6.46
FLEETING .,44 2.98
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TARLE 14 (cotinued)

AVERAGE DELAY BY WATERWAY KRD SEASON

PROBABILITY MEAN

OF DELAY
OCCURRENCE (HOURS)

GULF INTRACOASTAL WATERWAY - WESTERN PORTION

SUMMNER

WEATHER .18 0.29

FOG ---

LOCKING .55 10.82

REPAIRS .18 6.08
-ICE -----
CREW CHANGE ....

SUPPLIES
CHANNEL DELAY .09 24.00

ANAITING-ORDERS ----

VESSEL ASSISTING .18 -- 0.40
AWAITING BERTH .09 6.00
BRIDGE WAIT
FLEETING .18 1.42

WINTER

WEATHER .09 4.96

FOG .18 11.38

LOCKING .59 5.93
REPAIRS .09 11.62
ICE
CREW CHANGE .04 2.17

SUPPLIES .18 3.09

CHANNEL DELAY .23 2.30

AWAITING ORDERS ----

VESSEL ASSISTING
AWAITING BERTH .1.4 8.33

BRIDGE WAIT .09 1.54

FLEETING .23 1.73

113

i'IIi 1III- ' ' F''



TABLE 14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

+ DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN
OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

ILLINOIS RIVR
FALL

WEATHER .20 4.55 . 09 4.55
FOG .20 6.19 .25 4.57 .23 5.17
LOCKING 1.00 14.97 1.00 24.59 . 1.00 20.47

1 REPAIRS .07 0.50 .05 9.50 .06 5.00
ICE
CREW CHANGE ---- --------

SUPPLIES .05 5.75 .03 5.75
CHANNEL DELAY .20 1.22 .65 1.58 .46 1.51
AWAITING ORDERS .07 2.50 .... .03 2.50
VESSEL ASSISTING .07 3.83 .20 8.88 .14 7.87
AWAITING BERTH ............
BRIDGE WAIT .15 0.61 .09 0.61
FLEETING .47 4.15 .40 2.06 .43 3.04

SPRING

WEATHER .13 4.08 .10 6.50 .11 5.29
FOG .13 2.33 .06 2.33
LOCKING 1.00 13.98 1.00 21.93 1.00 18.39
REPAIRS .25 5.00 .10 2.67 '17 4.22
I C E ---

CREW CHANGE . ---- - -- ---- --

SUPPLIES .10 0.42 .06 0.42
CHANNEL DELAY .25 0.88 .80 2.16 .56 1.90
AWAITING ORDERS
VESSEL ASSISTING .25 2.42 .20 5.63 .22 4.02
AWAITING BERTH ---- ----

BRIDGE WAIT .13 0.11- .06 0.17
.LEETING .63 10.37 .90 4.17 .78 6.38
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TABLE 14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

DOWNRVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MT.AN PROBABILITY AEAN

Or DELAY OF DELAY or DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

ILLINOIS RIVER
SUiMMER

WEATHER .07 2.33 .08 2.00 .07 2.16
FOG

LOCKING .87 19.38 .83 19.59 .85 19.47
REPAIRS .13 0.88 .08 4.33 .11 2.03

1 ICE .. --
CREW CHANGE .08 2.00 .04 2.00
SUPPLIES ---- .08 0.42 .04 0.42
CHANNEL DELAY .13 1.00 .75 1.12 .41 1.10
AWAITING ORDERS .07 4.50 .04 4.50

VESSEL ASSISTING .07 0.67 .17 1.88 .11 1.57

AWAITING BERTH ---

BRIDGE WAIT .13 2.17 .07 2.17

FLvETING .93 5.24 .25 7.23 .67 5.68

WINTER

WEATHER .29 4.50 .08 14.17 .16 7.72

-rOG . 33 1.96 .21 1.96
LOCKING .86 3.85 1.00 9.09 .95 7.34

REPAIRS .08 15.92 .05 15.92

ICE .43 18.33 .25 18.86 .32 18.60
CREW CHANGE
SUPPLIES .17 1.38 .11 1.38

CHANNEL DELAY .29 5.13 .42 7.55 .37 6.86

AWAITING ORDERS .08 2.00 .05 2.00

VESSEL ASSISTING .57 17.93 .58 5.55 .58 10.05
AWAITING BERTH -- "

BRIDGE WAIT .08 0.75 .05 0.75

FLEETING ..71 9.52 .42 19.73 .53 14.62
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TABLE 14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

DOWNRZVER. UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN '"ROBABILITY WAR

OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

LOWER MISSISSIPPI RIVER
FALL

WEATHER .05 1.50 .02 1.50
FOG .32 5.43 .43 4.08 .38 4.55
LOCKING--- ---- - -
REPAIRS .05 1.75 .23 7.74 .15 6.99
ICE
CREW CHANGE .05 3.75 .03 1.00 .04 2.38
SUPPLIES .14 1.77 .17 1.72 .15 1.74
CHANNEL DELAY .23 2.52 .83 5.96 .58 5.38
AWAITING ORDERS .05 0.25 . 02 0.25
VESSEL ASSISTING .27 2.83 .20 2.38 .23 2.60
A7WAITING BERTH -- -

BRIDGE WAIT
FLEETING .50 5.56 .47 5.60 .48 6.11

SPRING

WEATHER .04 2.50 .02 2.SO
i FOG .29 4.98 .19 4.03 .24 4.62

LOCKING ....
REPAIRS .11 12.64 .1i 2.83 .11 7.74
ICE ....
CREW CHANGE .04 0.83 .02 0.83

SUPPLIES .07 0.46 .04 5.19 .11 3.61
CHANNEL DELAY .04 3.25 .48 2.56 .25 2.61
AWAITING ORDERS .04 4.09 .02 4.09
VESSEL ASSISTING .18 1.73 .37 4.92 .27 3.86
AWAITING BERTH ....--
BRIDGE WAIT .11 14.08 .37 0.38 .09 8.60
FLEETING .43 9.67 .48 10.61 .4S 10.16
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TABLE 14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABLITIY MEAN PROBABILITY MEAN
OF DELAY OF DELAY OF DELAY
OCCURENCE (HOURS) OCCURENCE (HOURS) OCCURENCE (HOURS)

LOWER MISSISSIPPI RIVER
SUMMER

WEATHER .04 0.50 .02 0.50
FOG .04 3.00 .02 3.00
LOCKING
REPAIRS .04 0.75 .32 4.03 .18 3.66
ICE
CREW CHANGE .04 1.00 .02 1.00
SUPPLIES .12 2.92 .16 1.69 .14 2.21
CHANNEL DELAY .60 3.21 .29 3.21
AWAITING ORDERS

VESSEL ASSISTING .27 2.25 .08 1.75 .18 2.14
AWAITING BERTH .12 4.06 .06 4.06
BRIDGE WAIT
FLEETING .35 5.21 .28 7.14 .31 6.06

WINTER

WEATHER .07 1.42 .16 8.39 . .
FOG .53 17.97 .37 13.39 .- 6
LOCKING .....
REPAIRS .27 6.89 .16 4.08 .21 5.69
ICE - - - -- - - -- -

CREW CHANGE -
SUPPLIES .13 9.04 .16 0.81 .14 4.10
CRANhEL DELAY .07 2.33 .58 2.42 .35 2.42
AWAITING ORDERS

VESSEL ASSISTING .40 3.89 .16 5.25 .26 4.34
AWAITING BERTH .05 1.00 .03 1.00
BRIDGE WAIT .11 0.96 .06 0.96
FLEETING .53 16.02 .42 10.61 .47 13.32
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TABLE 14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN
OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURENCE (HOURS) OCCURANCE (HOURS)

MISSOURI RIVER
FALL

WEATHER .20 37.67 .10 37.67
FOG .80 9.33 .60 7.50 .70 8.55
LOCKING
REPAIRS .40 2.88 .20 3.32 .30 3.02
ICE
CREW CHANGE .20 0.50 .20 0.92 .20 0.71
SUPPLIES .40 1.83 .40 1.66 .40 1.75
CHANNEL DELAY .60 1.31 .30 1.31
AWAITING ORDERS
VESSEL ASSISTING ....

AWAITING BERTH
BRIDGE WAIT .20 1.17 .10 1.17
FLEZTING .40 10.84 .80 3.67 .60 6.06

SPRING

WEATHER .50 8.75 .17 8.75

FOG .25 2.25 .17 2.25
LOCKING
REPAIRS .25 4.58 .17 4.58
ICE
CREW CHANGE .25 0.25 .17 0.25
SUPPLIES .50 0.83 .50 2.58 .50 2.00
CHANNEL DELAY .50 0.42 .33 0.42
AWAITING ORDERS
VESSEL ASSISTING

AWAITING BBRTH
BRIDGE WAIT
FLEETING 1.00 24.79 .75 4.29 .83 12.87
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TABLE 14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY N1EAN
OF DELAY OF DELAY OF DELAY
OCCURENCE (HOURS) OCCURENCE (HOURS) OCCURENCE (HOURS)

MISSOURI RIVER
SUMMER

WEATHER .12 6.75 .07 6.75
FOG .25 1.83 .29 2.96 .27 2.40
LOCKING
REPAIRS
ICE .07 0.50
CREW CHANGE .12 0.50 .13 1.83
SUPPLIES .12 1.83 .14 1.83 .13 11.42
CHANNEL DELAY .29 0.58 .07 0.58
AWAITING ORDERS
VESSEL ASSISTING
AWAITING BERTH
BRIDGE WAIT .25 8.25 .43 4.75 .33 6.15
FLEETING .75 3.43 .86 3.96 .80 3.70

THERE WERE NO SAMPLE OBSERVATIONS FOR W[NTER TRIPS ON THE MISSOURI RIVER AS THE
WATERWAY WAS CLOSED.
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'A&LE .14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

DOWNRIVER UPRIVER BOTH

PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN
OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

OHIO RIVER
FALL

WEATHER .05 1.62 .03 1.62
FOG .40 7.98 .34 11.80 .36 10.21
LOCKING 1.00 48.70 1.00 46.21 1.00 47.15
REPAIRS .08 4.00 .15 13.22 .12 10.92
ICE -

CREW CHANGE .20 0.67 .10 1.60 .14 1.08
SUPPLIES .12 0.75 .15 4.72 .14 3.40
CHANNEL DELAY .08 0.46 .27 3.63 .20 3.14
AWAITING ORDERS ----

VESSEL ASSISTING .04 1.00 .02 0.92 .03 0.96
AWAITING BERTH ---
BRIDGE WAIT - ---- -- --

FLEETING .80 11.75 .61 8.10 .68 9.72

SPRING

WEATHiER
FOG .08 4.06 .09 1.81 .08 2.77
LOCKING 1.00 8.40 .98 8.84 .99 8.62
REPAIRS .20 2.56 .14 15.39 .17 8.06
ICE
CREW CHANGE ---- .09 0.54 .05 0.54
SUPPLIES .15 1.15 .19 2.09 .17 1.69
CHANDNEL DELAY .05 0.46 .26 0.98 *.16 0.90
AWAITING ORDERS ---- .02 115.75 .01 115.75

VESSEL ASSISTING .10 1.56 .07 1.14 .08 1.38
AWAITING BERTH .03 1.00 ---- .01 1.00
BRIDGE WAIT ---

FLEETING .78 7.69 .79 8.24 .78 7.98
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TABLE 14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY MEAN PROBABILITY MEAN
OF DELAY OF DELAY OF DELAY
OCCURENCE (HOURS) OCCURENCE (HOURS) OCCURENCE (HOURS)

OHIO RIVER
SUMMER

WEATHER
FOG .26 4.65 .14 2.73 .20 3.90

LOCKING 1.00 15.89 1.00 16.85 1.00 16.37
REPAIRS .06 0.88 .09 3.83 .07 2.65
ICE
CREW CHANGE .09 0.39 .06 2.83 .07 1.36
SUPPLIES .21 0.99 .40 1.27 .30 1.17

CHANNEL DELAY .03 2.50 .29 0.83 .16 0.98

AWAITING ORDERS .03 0.50 .01 0.50
VESSEL ASSISTING .09 0.70 .14 2.42 .12 1.77
AWAITING BERTH

BRIDGE WAIT .03 0.50 .01 0.50
FLEETING .68 8.87 .74 9.52 .71 9.21

WINTER

4" WEATHER .17 6.47 .18 26.33 .17 16.40

FOG .44 6.23 .12 9.62 .29 6.91

LOCKING 1.00 21.16 1.00 16.56 1.00 18.93

REPAIRS .22 4.96 .12 10.04 .17 6.65
ICE .39 77.26 .35 47.56 .37 62.55

CREW CHANGE .06 1.75 .06 0.17 .06 0.96

SUPPLIES .28 1.02 .24 3.64 .26 2.18

CHANNEL DELAY .06 0.50 .24 0.50 .14 0.50

AWAITING ORDERS .06 0.75 .03 0.75
VESSEL ASSISTING .28 5.50 .24 6.98 .29 6.24
AWAITING BERTH
BRIDGE WAIT

FLEETING .77 12.27 .78 10.88 .77 11.60
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TABLE 14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN. PROBABILITY MEAN PROBABILITY MEAN
OF DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS) o

UPPER MISSISSIPPI RIVER
*FALL

WEATHER .03 2.50 .01 2.50
FOG .48 6.63 .26 7.73 .36 7.07
LOCKING .97 32.93 .95 34.25 .96 33.65
REPAIRS .03 1.75 .03 13.00 .03 7.38
ICE --- --
CREW CHANGE .06 0.46 .bl 1.33 .09 1.04
SUPPLIES .13 1.73 .16 1.52 .14 1.60
CHANNEL DELAY .29 2.69 .50 1.92 .41 2.17
AWAITING ORDERS --- .05 1.79 .03 1.79
VESSEL ASSISTING .19 5.30 .21 2.44 .20 3.67
AWAITING BERTH
BRIDGE WAIT .26 0.68 .29 0.78 .28 0.74
FLEETING .90 6.12 .76 7.17 .83 6.65

SPRING

WEATHER .18 9.68 .12 16.15 .15 12.56
FOG .11 4.58 .09 4.14 .10 4.36
LOCKING .89 37.15 .91 48.04 .90 43.00
REPAIRS .21 4.90 .09 10.84 .1 6.90
ICE - -- - - -- - - -
CREW CHANGE -- ---. 06 1.34 .C3 1.34
SUPPLIES .04 3.00 .06 0.62 .04 1.42
CHANNEL DELAY .07 3.38 .44 4.26 .27 4.15
AWAITING 0RDEA.S .04 1.50 ------ .01 1.50
VESSEL ASSISTING .25 2.00 .19 2.94 .22 2.44
AWAITING BERTR
BRIDGE WAIT .32 0.77 .19 0.90 .25 0.82
FLEETING .89 8.20 .81 5.41 .85 6.78
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TABLE 14 (continued)

AVERAGE DELAY BY WATERWAY AND SEASON

DOWNRIVER UPRIVER BOTH
PROBABILITY MEAN PROBABILITY %EAN PROBABILITY MEAN
Or DELAY OF DELAY OF DELAY
OCCURRENCE (HOURS) OCCURRENCE (HOURS) OCCURRENCE (HOURS)

UPPER MISSISSIPPI RVER
SUMMER

WEATHER .14 0.87 .13 2.22 .13 1.61
FOG .28 3.87 .28 3.79 .28 3.82
LOCKING 1.90 43.35 .91 40.68 .95 41.90
REPAIRS .19 19.31 .09 0.83 .13 12.59

SICE ---- - -- - - -- - -
CE CHANGE .03 0.75 .06 0.67 .05 0.69

SUPPLIES .06 2.16 .09 1.71 .07 1.86
CHANNEL DELAY .28 2.84 .66 2.48 .49 2.57

AWAITING ORDERS .02 46.25 .01 "46.25
VESSEL ASSISTING .28 2.50 .21 3.67 .24 3.08
AWAITING BERTH .03 0.75 ---- . 01 0.75
BRIDGE WAIT .25 3.46 .28 1.44 .27 2.26
FLEETING .69 6.54 .70 9.79 .70 8.39

WINTER

WEATHER .12 11.03 .09 11.03
FOG .20 11.77 .11 24.75 .18 13.93
L ,.OC,,ING .72 60.28 .22 107.92 59 65.04

REPAIRS .08 7.12 .11 0.50 .09 4.92
ICE .40 38.66 ..... 29 38.66
CREW CHANGE -- ---- .11 0.67 .03 0.67
SUPPLES .04 2.00 .11 1.50 .06 1.75
CHAIMZL.DELAY .16 12.83 .55 2.12 .26 6.88
A,;AITING ORDERS .08 7.25 .06 725
VESSEL ASSISTING .16 4.44 .11 6.25 .15 4.80
AWAITING BERTH .11 6.00 .03 6.00
BRIDGE WAIT .04 3.00 .03 3.00
FLEETING .48 6.6h .11 6.67 .8 6.68
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